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Abstract 


One purpose of this project was to study the 
effects on students, teachers, and the mathematics 
curriculum when eight students in a grade 8 mathematics 
classroom were provided with calculators. These 
students were taught the use of the calculator, were 
tested on the use, and were observed in the classroom. 
Parents' opinions on the use of calculators were 
included in the study. Twentv-six research questions 
were formulated. 

Two grade 8 mathematics classrooms in two 
schools of the Edmonton Public School System were 
selected. Eight students from each school were 
provided with a Texas Instruments: TI-30. calculator. 
Each group was taught the use of the calculator, in 
three forty-minute periods per week for twelve weeks. 
Students were taught general use of the calculator 
and were given exercises on rational numbers and on 
rate, ratio, and percent. These were topics in 
grade 8 mathematics at the time of the study. A tape 
recorder was used throughout every lesson to provide 
data from which many of the research questions were 


answered. 
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The researcher visited the classrooms for a 
total of twenty-two visits. The participant-observer 
model was used in this part of the study. The purpose 
of the visits was to note possible teacher adjustments 
to the presence of calculators. Students were observed 
to see how and when calculators were used, and the 
response of non-calculator students to the presence of 
calculators. The researcher participated by helping 
students to use the calculator. He asked calculator 
students to explain how they used the calculator. From 
these observations other research questions were 
answered. 

Calculator Students were given various 
researcher-made tests, checks, and checkpoints as well 
as a standardized test on mathematical concepts and 
problem solving. Students were interviewed 
(checkpoints) Six times in the project and once as a 
follow-up. A tape recorder used during class 
instruction and interviews provided data for some 
research questions. 

A number of conclusions and interpretations were 
made. Generally teachers accept the presence of 
calculators in the hands of some students but they do 
not make efforts to provide special exercises or in 


Other ways accommodate the calculator presence. 
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Low-achieving students can learn to do basic 
calculations and calculations involving direct key 
sequence. If a mathematical decision must be made then 
such students usually make many errors. 

It was observed that three months is not 
sufficient time to produce good calculator usage. It 
takes much longer to produce desirable calculator 
techniques. 

Student attitudes to mathematics did Rteal oe 
Significantly over the time of the project. Calculator 
and non-calculator students progressed approximately 
equally in knowledge of basic facts. Ina rational 
number test calculator students did significantly better 
han. non-calculator ‘students but on rate, Py aee and 
percent the difference was not significant. Calculator 
students progressed as well as would be expected in 
mathematical concepts and in problem solving. 

Parents are generally supportive of the use of 
calculators including using them in tests. They 
recognize their presence in society but also feel that 


basic mathematical skills will decline. 
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CHAPTER. 
THE PROBLEM 


With the decrease in cost of the minicalculator, its 
accessibility to students at all levels is increasing 
rapidly. Mathematics teachers should recognize the 
potential contribution of this calculator as a 
valuable instructional aid. In the classroom, 
the minicalculator should be used in imaginative 
ways to reinforce learning and to motivate the 
learner as he becomes proficient in mathematics. 
(NCTM-Instructional Affairs (Committee, 1976, -p. 92). 
With the above position statement the 
Instructional Affairs Committee of the National Council 
of Teachers of Mathematics (NCTM) introduced its report 
One Minicalculators in- Schools:made to: the Board of 
Directors of NCTM. This statement is accepted as the 
fricial: position vor the NCTM. The mini- or hand-held 
calculator is everywhere. Its impact on education in 
general and on mathematics education in particular is 
widely recognized by prominent writers and researchers 
in. current journals and books. “Caravel la (1977) 
introduces his book with a chapter entitled, "The Age 
of the Minicalculator-which he: begins with: 
We have entered the age of the minicalculator. 
Indeed history may well consider the technical 
development of minicalculators in the United 


States as a bicentennial contribution to world 
DIOcress. pearl oy. 
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The impact of the minicalculator can be gauged 
somewhat by the quality and quantity of activity it has 
engendered. A number of persons have developed 
activities that would be suitable for classroom use at 
various grade levels. Many informal projects involving 
the use of minicalculators have been conducted by 
teachers in many parts of the United States, Canada and 
in several European countries. More formal research 
projects, mostly at upper elementary or higher grades, 
have been carried out and reported. These have been 
either graduate school research projects or other 
research conducted by university faculty researchers. 
In addition a number of conferences have been held 
specifically for the purpose of drawing together the 
collective opinions of many different individuals or 
groups. One such conference was Sponsored jointly by 
the National Institute of Education and the National 
Science Foundation of the Government of the United 
States. (Report of the Conference on Needed Research 
and Development on Hand-held Calculators in School 
Mathematics, 1976). Another important project under 
Marilyn N. Suydam as director and supported by the 
National) Science “Foundation was. carried out in 1975 with 
the report produced early in 1976... (Suydam, 19 76).. 

Since these two major conferences the amount 


of activity has increased so that every conference 
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(NCTM-sponsored and others) on mathematics education 
has a number of sessions devoted to some aspect of the 
use of calculators* in the classroom. Almost every 
issue of the major mathematics education journals 
carries one or more articles dealing with a phase of 
the use of calculators in the classroom. 

With the advent of a tool that is viewed by 
many educators as potentially having a tremendous 
impact on mathematics education, it is not surprising 
that a great deal of research is needed to assess the 
broper utilization of calculators, in the total school 
mathematics program. 

It 1s under these circumstances that the 
research project described in this document was 


undertaken. 
Statement of the Problem 
General 


What effects are produced when the hand-held 
calculator is present in the hands of some students in 


grade 8 mathematics classrooms? 


aoe Appendix A for Definitions. The word 
"calculator" is used to refer to the mini-.or hand-held 
calculator. 
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Specific 


Eight students from each of two grade 8 
mathematics classrooms (a total of sixteen students) 
were provided with calculators and given instructions 
in their use. 

The following questions form the basis of the 
study: 

What effects are produced on the students with 
the calculators? 

What are the effects on the mathematics 
curriculum as it relates to the students with calculators? 

What are the effects on the teachers and on 
school policy? 

What are parents!' opinions on the use of 


calculators by their children in grade 8? 


Theoretical Background sof ‘the Study 


Easley (1977) documents seven models used in 
research on teaching and learning. These include 
combinatorial models, sampling models, cybernetic models, 
game models, critical thinking models, ordinary language 
analysis models, and dynamic structural models. The 
models encompass a broad range of mathematical models 
from multidimensional (regression, factor analysis) to 
direct analysis of tapes of interviews. The last 


model, dynamic structural, applies in assessing 
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"... the structures ‘(dynamic forms) of the ideas’ and 
feelings underlying (assimilating) human behavior." 
(p. 323). Although the study undertaken by the researcher 
does not fall wholly within the dynamic structural model, 
it does make use of some of the techniques suggested 
under this model. 
A relatively small sample (sixteen students) 

was Studied much more intensely than would be possible 
or desirable in a more traditional experimental-control 
group design. Through personal interviews, calculator 
group assessment, in-class observations, and assistance 
from teachers through informal discussions, each 
student was assessed on an individual basis with respect 
to the various aspects considered significant in this 
study. Therefore much of the data reported are from 
individual students and not from general whole-class 
measurements. It is assumed that this approach provides 
insight into how students work with calculators and what 
thought processes calculators evoke. In that respect 
the study follows the format used by Erlwanger (1974). 
As -he=points out® 

The view adopted here ... is that in the course 

of learning mathematics a child develops his own 

ideas, views and beliefs about mathematics which 

can be represented as his conception of mathematics. 

This concept of mathematics may be regarded as 

a developing conceptual system of interrelated 

ideas, beliefs, emotions, and views concerning 


mathematics and learning mathematics that directs 
and controls his mathematical behavior, how he 
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learns and what he understands. From this point 
of view, a child's observable mathematical 
behavior may only be interpreted and explained 
to the extent that his underlying conception is 
understood. (p. 6). 

More recently a more sociologically-based 
approach to study of education has been advocated by 
several writers. Disappointment with many traditional 
studies has been voiced repeatedly. Higginson (1977) 
in describing a speech by Bronfenbrenner in 1976, 
pointed out that Bronfenbrenner, "... implies, among 
other things, that the classic, statistically-oriented 
model of research has been a failure in the field of 
education. ato. +50)... *in,zelaborating..onathisstheme, 
Higginson, (199.7, )esaids 

In an attempt to appear scientific, educational 
researchers have accepted an antiquated vision 
of simple cause and effect linked to primitive 
classifications and sophisticated statistical 
technicgues. @(pa.50). 

He goes on to point out that this type of 
research model is a poor one upon which to make 
conclusions about classes, teachers or treatments when 
he adds: 

Stated differently. thisacriticismisaysathat «in 

a typical classroom one has not a ‘two-body 
problem' with one T (teacher) and one C (class), 
but: a "thirty-six. body problem’ ~with one -T,. and 
thirty-five C (children). The latter is a very 
much more complex situation than the former; it 
has, however, the merit of reflecting the reality 
Ote the classroom. “(Hiooinson,.19 7a, Oo. 907:. 


Much support for ~forms of: research that are 


more pupil-intensive have been advocated by other 
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writers ~-"Hraginson (9775), ‘Lankford =(1974)% Wilson 
(1975), Bauersfeld (1976), and Rappaport (1977). 
Further support emanated from a conference on 
hand-held calculators sponsored jointly by the United 
States National Institute of Education and the National 
Science Foundation. In one of the recommendations the 
report said, “Methods can range from clinical trials to 
full scale randomized intervention experiments, ..." 
(Report of the Conference on Needed Research and 
Development on Hand-held Calculators in School 
Mathematics, p. 17). 

In this study the methodology is taken also from 
the somewhat more recent participant-observer strategy. 
West (1977) writes by way of opening remarks in an 
article of participant-observer techniques, "There has 
been a growing disenchantment in the last few years with 
the process and results of traditional educational 
research and development approaches." (p. 50). He also 
draws attention to the lack of research centering on 
behavior in the classroom when he says, "It is thus 
strikingly noticeable how few research studies have 
attempted to obtain behavioral data on classrooms, the 
central setting of most of our educational concerns." 
(Westy 19777 Dero) 

Because of these shortcomings West (1977) 


advocates alternative methodology to be applied in 
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Canadian educational research, which he claims is in 

its infancy. The alternative is that of the 
participant-observer, of which West says, "Another 
research tradition, developed largely within sociology 
and anthropology, explicitly offers better hope for the 
discovery and development of the new types of knowledge 
demanded in such an unexplored area as the classroom." 
(p. 59). In this type of research the researcher gives 
great emphasis to behavior of people in particular 
Situations; he gets close to the subjects in as full 
and complete away as possible. The type of research 

is usually conducted over some time and this is necessary 
Since, "... humans create their own social environments, 
Ane change them." (West, 1977, p. 60). 

Both roles of participant and observer are 
important. As a participant the researcher becomes 
somewhat as socialized as his subjects ae in this way he 
gets closer to the "feel" of the situation; he becomes 
like one of the subjects. However this socialization 
can go too far and his effectiveness as a researcher 
may be in jeopardy. Therefore the researcher attempts 
to "... cultivate his awareness without becoming as 
socializedvas (the subjects. "West, 1977, sexPol)ie He 
does this by alternating between participant and 


observer. 
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By being in the classroom the researcher 
observes behavior where it actually takes place, in the 
complex classroom world. His techniques are not all 
structured so that there is a good chance of making 
discoveries which could not have been foreseen. This 
must therefore be essentially an unstructured research 
Or sat teast vone withva“low*initralrstructtres ert is 
true that-as the study progresses, additional research 
questions may be formed in view of unforeseen 
discoveries, or existing research questions may be 
altered. 

The study of hand-held calculators in the hands 
of some grade 8 students is an attempt to consider 
rmdividual children “in their “natuyval"+schoot 
environment. That is, the study did not generate 
exclusively data on groups (means, standard deviations, 
variances, correlation coefficients) and then try to 
draw conclusions about the groups. Rather it attempted 
to describe behavior of children under the circumstances 
stated above. Some statistical data, however, are 


included in the study. 
Need for the Study 


There is no doubt that the hand-held or 
minicalculator is having and will continue to have a 


dramatic impact on mathematics education. The decrease 
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inecost (abouts, S20 eforsva’ Sscientificetscaleulatornyorsas 
izttlesasasS Suter. agbasiesfour=function calculator with 
memory) has placed this powerful tool in millions of 
hands across North America. One projection says that by 
1980 there will be about 80 million calculators in use 
in the United States and that-after 1980 about 20 million 
will be purchased annually. (Report of the Conference 
.Oon Needed Research and Development on Hand-held 
CaicuiatorssanzSchool. Mathematics, .1976,.p.-1)..4These 
figures compare to 70 million homes in the United States 
(fagures afore 74) sorel32emillionstelephones4(95.million 
of them in homes). (Report of the Conference ..., p. 1). 

Not only has the hand-held calculator appeared 
on the North American scene in general, but quite. 
naturally it has made its appearance on the educational 
scene. How to accommodate this fascinating aid or tool 
into the mainstream of education has np eed the subject 
of much debate and more recently, the topic of several 
research activities. 

In June 1976 the National Institute of Education 
and the National Science Foundation of the United States 


jointly sponsored a conference in Arlington, Virginia 


(the report is quoted above). To this conference were 
invited selected specialists. The letter of invitation 
asked the participants to, "produce a ... planning 


document that will provide a well-defined framework for 
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future research and development efforts [that may be 
used] as a guide to program planning." (Report of the 
Conference, ..., p. v). The calling of the conference 
in itself attests to the need for research in this 
area. 

In May 1974 the Conference Board of the 
Mathematical Sciences of the United States appointed a 


National Advisory Committee on Mathematical Education 


(NACOME). Their report, Overview and Analysis of School 


Mathematics K-12, commonly referred to as the NACOME 
Report, devotes several pages specifically to the 
implications of the presence of caiculators on 
mathematics=in. the: school. {Hill, 1975)... Once, again 
this is evidence for the need for further research into 
the implications for education of the existence of 
calculators in the educational setting. The Report 
makes the following statement, "Despite the obvious 
promise of calculators for enriching mathematics 
instruction, important questions of their optimal use 
must be investigated by thorough research." (Hill, 1975, 
p. 42)% ~The Report goss “on to list“several areas for 
research, among them: 

When and how should calculator use be introduced 

so that it does not block needed student 


understanding and skill in arithmetic operations 
and algorithms? 
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What special types of curriculum materials are 
needed to exploit the classroom impact of 
calculators? 

How does calculator availability affect 
instructional. emphasis, curriculum organization, 
and student learning styles in higher level 
secondary mathematics subjects like algebra, 
geometry, trigonometry, and calculus? (Hill, i975, 
DY 422)5 

The United States National Institute of Education 
Conference on Basic Mathematical Skills and Learning 
heldrenetuciids.. Ohtoszinh Octoberss19752 resulted in a two 
volume report containing position papers (Volume I) and 
committee reports (Volume II). Not surprisingly a large 
number of references were made to the impact of 
calculators on future mathematics in the schools. 

The nonthematic chapter of the 1977 Yearbook of 
the National Council of Teachers of Mathematics is on 
hand-held calculators. This is another indication of 
the concern which the calculator has evoked. In this 
chapter the call for research is clear, as evidenced 
by the following statements taken from several authors 


aS points upon which there is agreement: 


i. theecalbculator cannot beligqnored:\ its*use-in 

the schools must be carefully explored; 

2. the focus of attention must be on how the 
calculator can best be used to develop and reinforce 
mathematical skills and ideas; 

3. studies must be made of the uses of mathematics 
needed by children and by adults, given widespread 
use of the calculator in our society; 

4. research and curriculum development must proceed 
hand in hand; 
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5. although some attention must be given to 

immediate concerns, this must not preclude 

long-range planning for mathematics curricula 

and instructional practices that incorporate 

optimal use of the calculator. (Bell and others, 

HSS ep Ee Ry ayn ALE TS Wy aa 

The need for further research in the application 
of the calculator has been voiced repeatedly by many 
people. In addition to those cited, Gawronski and 
Coblentz (1976) expressed this need when they said, 
"There are some researchable questions to be examined 
as. Weli-as- curriculum uses. to be identified. "»(p. S12). 
Further support for needed research was expressed by 
Hilton and.Rising’ (1975) :at' the: Euciid, Ohio Conference 
on Basic Mathematical Skills and Learning. They call 
for research into all aspects of the use of calculators. 
(De oo ee ey state that some calculator tess aaa 
are publishing their own curriculum materials and the 
quality of these will likely lead to a great deal of 
research. 
The above conferences clearly document the need 

for a variety of research efforts with reference to the 


impact of calculators in: the schools. ) Further 


documentation is found in the review of the literature. 


Outline. of ithe study 


Chapter II contains a review of the literature 


as well as the framework and the research questions for 
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the study. Chapter III describes the selection of 
students for the sample, the instructional pattern, the 
instruments used and the structure of the analysis of 
the results. In Chapter IV the research questions are 
answered in detail using the data collected. Three 
cases are described extensively in Chapter V. These 

are respectively a high academic achiever, an average 
achiever, and a low achiever. The chapter also compares 
the three students on their ability on the calculator. 
Chapter VI contains the conclusions and makes some 


Suggestions for further studies. 
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CHAP TE Ren. 
RELATED STUDIES AND RESEARCH QUESTIONS 


The purpose of this chapter is to build a base 
for a framework of research questions. What follows 
is a discussion of suggestions for calculator use and 
its effects. The discussion proceeds from consideration 
of informed sources, to the deliberations of organized 
bodies, and finally to the formalized results of 
research studies. Findings from these sources are 
molded into a framework of questions relating to 
teachers, to students, to the mathematics curriculum, 


and to parents. 
Review of the Literature 
Suggestions for Calculator Activities 


Much of the Pen aator activity reflected in 
the literature is in articles expressing opinions and 
giving ideas about how the calculator could be used 
and what effects it might have. Suggestions are made 
for various games, activities, or puzzles to be tried 
in the classroom (some examples are Hawthorne (1973), 
Kanne 0/6) ps hoppsSeandssurris. (1973) sLappan and 


Winter (197 8s eDrake! (L978), andiwWwalits»® (19.78))\). 
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Hopkins (1976) suggests that we make the fullest use 

of the calculator in all grades. He feels that the 
loss in‘ability to-do traditional algorithms would be 
more than offset by the gains in such things as working 
with very large numbers easily and accurately, doing 
complicated work problems and studying theory of 
arithmetic. Immerzeel (1976b) in an article in the 
Arithmetic Teacher makes a number of suggestions about 
how calculators could be incorporated into the regular 
classroom even on a limited basis, that is, where not 
every student has one but rather where only one might be 
provided in the interest corner. 

Immerzeel (1976a) also prepared a book giving 
some ideas and suggestions for using the calculator in 
the classroom. He suggests Laat Calculators, 

"... Should not be used until students have a firm grasp 
on the concept of number and of the basic operations." 
(p. 4). In addition to stressing that basic computation 
skills be developed, Immerzeel (1976a) feels the 
calculator forces students to sharpen estimation and 
recording skills: 
It is easy to make mistakes when using the calculator. 
To help eliminate these mistakes, children should be 
taught to always, visually check each entry to be sure 
it is correct and to estimate the final answer to 
Catch obvViloUsserrors.. (Dp. =)4)r. 


In his book Immerzeel provides many examples to help 


students develop skills such as estimation. 
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Jacobsen also makes a case, and offers 
suggestions, related to che use of calculators. As 
does Immerzeel, Jacobsen (1977) calls for a change in 
emphasis to include rounding, estimation by rounding, 
addition and subtraction of decimals, and 
multiplication of decimals to two or three significant 
figures. He feels that students can compute but can 
not solve problems. Use of calculators would enable 
the emphasis to be shifted from the calculation to the 
analysis of the problems. Much the same points are made 
by Kautman....: (hautmanand.others., 619.75).. 

Some suggestions for use of the calculator in 
the schools are made by Kahn (1976) and Machlowitz (1976) 
while Maor (1976) makes a number of suggestions for 
using the calculator in more advanced mathematics such 
as the algorithms for evaluating ab + cd, = + = p 
au ae and SiR 

Many of these kinds of activities were used in 


the project and are reflected in the research questions 


WhiChetlOl LOWei techies cnanterx’. 


Recommendations of Organizations 


Because of the profound impact of the calculator 
on our society the National Council. of Teachers. of 
Mathematics, headquarters in Washington, D.C., through 


its Instructional Affairs Committee has declared a 
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policy concerning the use of calculators. The quotation 
at the beginning of this paper is the introduction to 
their policy statement. The committee makes a number of 
suggestions about how it believes the calculator could 
be used (the following omits examples and further 
explanations which follow each use given) : 

The minicalculator can be used to encourage students 

to be inquisitive and creative as they experiment 


with mathematical ideas. 


The minicalculator:.can be used to assist the 
individual to become a wiser consumer. 


The minicalculator can be used to reinforce the 
learning of the basic number facts and properties 
im saddseron subtraction, multiplrceation and. division. 


The minicalculator can be used to develop the . 
understanding of computational algorithms by repeated 
operations. 


The minicalculator can be used to serve as a 
flexible "answer key" to verify the results of 
computation. 


The minicalculator can be used as a resource tool 
that promotes student independence in problem solving. 


The minicalculator can be used to solve problems that 
previously had been too time-consuming or impractical 
to be done with paper and pencil. 
The minicalculator can be used to formulate 
generalizations from patterns of numbers that are 
displayed. 
The minicalculator can be used to decrease the time 
needed to solve difficult computations. (NCTM 
Instructional Affairs Committee, 1976, p. 92-94). 

The NACOME Report produced by the National 


Advisory Committee on Mathematics Education of the 


National Council of Teachers of Mathematics, makes 
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a recommendation dealing specifically with the use of 
calculators. Its implications are obvious: 
. . that beginning no later than the eighth grade, 
a calculator should be available for each 
mathematics student during each mathematics class. 
Each student should be permitted to use the 
calculator during all of his or her :mathematical 
WOO CIC ne eeoses. “(HUD Loe o Ow Loo) 
One frequently encounters references stating 
that slow students should not use calculators since 
they have not yet mastered the basics (arithmetic 
computations). This argument is applied even if (or 
maybe especially if) students are in the upper grades. 
It is interesting to note that the NACOME Report on 
this point concerning students at the end of the eighth 
grade says: 
We feel that providing such students with electronic 
calculators to meet their arithmetic needs and 
allowing them to proceed to other mathematical 
experience in appropriately designed curricula is 
the-wmisestimolicyves (Aa 1975. pi 125)). 
This report makes a number of relevant observations also 
stressed by others. One such observation is that 
elementary schools likely will work with decimals much 
earlier while work with common fractions will be delayed 
and deemphasized. Calculators will very early lead 
students to explore and study negative integers, 
exponents, square roots, scientific notation, large 


numbers; computational ability will probably come long 


before a careful conceptual development of many of these 
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topics. Mathematics proficiency was assumed to be needed 
before conceptual study and application. This meant that 
poor students rarely if ever got to explore more exciting 
topics in mathematics because they were always blocked 

by their inability to get beyond the computation skill. 
With calculators such students, claims this report, 
should be able to get beyond the computational level 

and delve into-aspects, of .probability,.sstatistics, 
functions, graphs or coordinate geometry. The calculator 
however will not remove the necessity to analyze problems 
and interpret numerical results. With decreased time 
devoted to the computational aspects of problem solving, 
students should be free to develop appropriate skills 
related to analysis and interpretation. Finally, the 
report draws attention to the necessity for a 
reevaluation of tests. If calculation remains a prime 
goal of testing the calculator will invalidate present 
standards. 

In another part of the National Institute of 
Education Report of the Conference on Basic Skills and 
Learning, attention is once again drawn, under a 
discussion of Basic Goals,! to the impact of. calculators. 
Comment is made on certain topics now emphasized in 


arithmetic: 
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The time we currently spend teaching elaborate long 
division problems and complicated lowest common 
denomination fraction problems -- often with little 
success -- could be better spent on more 
interesting, rewarding, and motivating topics. 
(Report of the Working Group on Goals for Basic 
Mathematical Skills and Learning, 1975, p. 18). 
The report also calls for a change in emphasis from 
endless and mindless drill in computation to the 
mathematical principles and concepts underlying the 
computation algorithms. The report calls for learning 
processes of computation together with skills in 
estimation and approximation as readiness for future 
learning. 

The NACOME Report also makes several references 
to required research in the area of calculator usage in 
education. In addition to previous excerpts quoted the 
report states: 

Research is urgently needed concerning the uses of 
computing and calculating instruments in curriculum 


at all levels and their relationship to a broad 
arrayyOteanstructaonals bevels vulhidigi los, eps 143). 


Later the: report suggests that); "io. .; there are 
particular areas considered in this report where new 
curricular organizations, instructional materials, and 
courses are, off urgent? concern.” (Hil) 19:75 ,epie Tas) 
One place where it is suggested that instructional 
materials at all levels are needed is in the use of 


calculators. 


The Report of the National Institute of Education 
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Conference on Basic Mathematical Skills and Learning also 
draws attention to the need for research, "The whole 
issue of the effect of the calculator on the teaching of 
arithmetic is a very complex one which deserves 
considerable investigation and consideration." (Report of 
the Working Group on Goals for Basic Mathematical Skills 
and Learning, 1975, p. 18). The same report suggests 
that students must learn single-digit number facts, 
including the multiplication table. In addition they 
should be fluent in simple types of computation. 
However, 

Exactly how much, between this "bare bones" minimum 

and the .amount of computation that is currently 

being taught, is a question that needs further 

study and far more discussion among a broader base 

of people. (Report of the Working Group on Goals, 

O75, tps LS 

Another document dealing solely with needed 

research on the use of calculators is one prepared 
jointly by the National Science Foundation and the 
National “Institute .ofs*Education, both:.of Washington, D.C. 
(Report of the Conference on Needed Research and 
Development on Hand-held Calculators on School 
Mathematics, 1976). The report claims that educators 
should not default on their obligations to become fully 
involved in research and development in calculator use, 


thereby allowing manufacturers and publishers to make 


many of the crucial decisions. In speaking of the 
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potential impact of calculators the report states, 
"Calculators and their successors [meaning, eventually, 
very cheap computers] may eventually influence the entire 
school mathematics curriculum and perhaps school 
curriculum more generally." (Report of the Conference on 
Needed: Research one tevpulo7e pep. £0): 

The report makes a total of twenty-two 
recommendations grouped into five broad categories: 
development of an information base, development of 
curriculum materials (short-term and long-range), 
research and evaluation, teacher education and 
dissemination. Some recommendations follow, illustrating 
the concerns expressed at this conference: 

Recommendation 1. Existing mathematics curriculum 
materials. should be intensively and critically 
analyzed to determine whether they can be adapted 
for use with calculators. 

Recommendation 6. Materials should be developed to 
exploit the calculator as a teaching tool at every 
point in the curriculum to test a variety of ideas 
and possibilities pending emergence of 
calculator=-integrated curriculums, 

Recommendation 7. Research and development should be 
undertaken with respect to algorithmic processes in 
school mathematics, especially those in arithmetic 
and algebra and perhaps in trigonometry. 
Recommendation 10. Curriculum materials should be 
developed and tested on new topics that are not now 
in the curriculum but that calculators may make 


feasible. The possibilities of adapting "advanced" 
topics to earlier levels should also be explored. 
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Recommendation 13. Sampling and research methodology 
should be appropriate to the type and scale of 
development. Methods can range from clinical trials 
to full-scale randomized intervention experiments, 
and from research focused on special subsets of the 
school population (e.g., remedial, handicapped, 
gifted) to that focused on a more general population. 


Recommendation 17. Every effort should be made to 
assess any changes in the amount of time spent in 
mathematics instruction and the distribution of that 
time as calculators become an integral part of the 
school experience. (Report of the Conference on 
Needed Research avis den, (1976, 4D nd?) 3 


One of the working groups of the National 
Institute of Education Conference on Basic Mathematical 
Skills and Learning made reference to calculators and 
some needed research in the following areas: 

(1) alternative sequences for elementary instruction 
in arithmetic; (2) uses of the calculator as an aid 
and. stimulus for arithmetic instruction; (3) impact 
of calculators availability on problem-solving 
instruction; and (4) relative importance of various 
familiar fraction concepts in an environment of 
calculators (to include investigation of curriculum 
topics in later courses such as algebra where the 
field properties of "fractions" are used. (Report 
of the Working Group on Curriculum Development and 
fp Lementatzion;. 19 /5,-ps.1l)-. 

Another extensive report dealing with calculators 
resulted from a National Science Foundation (United 
States) project carried out in May to July of 1975 with 
the final report published in February 1976. The project 
included collection of information by questionnaire, 
compilation and review of literature from many sources, 


and meetings which included presentations, workshops, 


discussions and review of manufacturers' displays. The 
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intent of the project was: 


(1) To collect information regarding the use or 
non-use of calculators, and to form a Jist of the 
reasons why educators and others believed that the 
calculator should be used in schools or why the 
calculator should be banned in schools. 

(2) To analyze the arguments reported by those 
questioned and in the literature, in order to 
determine the potential impact or lack of impact 
of the calculator’ on the “curriculum; “and 

(3) To develop a critical analysis of what has and 
has not been done with calculators at pre-college 
levels, what knowledge is or is not available about 
them, and what implications this has for education 
at the pre-college level. (Suydam, 1976, p. 2). 


The above report (Suydam) contains several 
references to the lack of adequately-researched studies 
on. thevimpact:of calculators. «Bearing in mind that the 
project dates from mid-1975, one must assume that such 
statements would not apply in the same way today. 
However, in spite of the activities there is still a 
large amount of study necessary in order that calculators 
be integrated into the mainstream of 2 RO ae 
system. 

Usiskin and Bell (1976) prepared a position paper 
which became Appendix F to the Suydam report. These 
authors, in addition to describing the ubiquitous presence 
of calculators and presenting a historical perception of 
calculation and analyzing calculation requirements of 
two widely-authorized elementary arithmetic series, also 
spent a major portion of their paper documenting changes 


in curricular emphases which are suggested to them by 
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calculators. They make the point that calculators should 
not replace all paper and pencil algorithms but suggest 
that questions such as 346.25 XK 18.97 have no real world 
applications and probably are best left to the calculator 
should the need arise for an evaluation of such a 
computation. One of the strengths of this paper is that 
a specific list of objectives is given for a 
calculator-oriented program. There is an obvious stress 
upon rounding, estimation by rounding, work with decimals 
and conversions of decimals to fractions and vice versa, 
"The use of simple computations to help estimate answers 
to more complicated computations must be given strong 
emphasis." (Usiskin and Bell, 1976, p. 22 of Appendix F). 
In discussing the future of fractions, Usiskin . 
and Bell see several important roles for fractions and 
these will continue to need attention (for example, in 
many formulas in sciences, fractions make for an easier 
grasp of the meaning of the formula). In situations 
such as ax = b it is more appropriate to express the 
solution as x = 2 s eThexauthors tpoimosoubothatcno 
matter how much work is retained on fractions [or whether 
teachers will insist that calculations with fractions be 
solved with fraction solutions rather than permit decimal 
notationh, -bteis Aefact that ithe walculator wil bemake 


most of the calculations trivial. (See Appendix H for a 
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Sample addition question using a calculator). Usiskin 
and Bell make three specific suggestions for work with 
fractions where calculators are used: 


1. Less emphasis should be placed upon arithmetic 
operations with fractions. 

2. More emphasis should be placed upon symbolic 
manipulations with fractions. 

3. Continued emphasis is needed on the meaning of 
fractions and work with equivalent fractions. 
(Usiskin-aend Bel, 1976 pee eo-of Appendix)". 


Formal Research Findings 


pid} 


Even though formal research involving calculators 


is not yet extensive a number of dissertations and other 


research projects have been carried out. Generally 


studies involved an experimental and a control group and 


lasted only several weeks with assessments made through 


pre- and posttests as well as attitude scales or 
opinionaires (for parents, for instance). It appears 
that no Significant differences were found more often 
than otherwise. Allen (1976) taught a twenty-five-day 
unit on decimal algorithms and the metric system. The 
study involved four sixth grade classes who used 
calculators and two who did not. She found no 
Significant differences of the posttest but the paper 
and pencil group scored significantly higher on the 
retention test. Her conclusion was that using pencil 
and paper only was more effective than using hand-held 


calculators for the retention of concepts and skills of 
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decimal algorithms and metric units. Anderson (1977) 
studied the effect of using calculators on achievement 
and attitudes of seventh grade students. Although 
students using calculators showed improved attitudes to 
mathematics they did not change in achievement, 
understanding mathematical concepts or in computation 
skill. In problem solving, students with calculators 
could solve problems at twice the rate of students not 
using calculators. 

Most studies reported no significant differences 
in some aspects of the studies and significant 
differences in others. Fischman (1976) in a project 
with New York City high school students in business 
arithmetic found no significant differences in attitudes 
but the calculator group scored significantly higher on 
ai testiuofsarithmeticuskills...«She:.found no-signifticant 
difference in understanding business arithmetic concepts 
between the students who did the unit using the 
calculator and those who did not. 

Hutton (1977) found no significant differences in 
attitude or achievement among three groups of ninth grade 
algebra students.» <The» groups..included,.the.C orscontrol 
group; the EL group, which used calculators and these the 
teachers incorporated into the teaching using special 


notes; and the Es group, awhich,used calculators:.but..the 
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teachers did not incorporate these into their teaching. 
Onlyeonecteacher (ofmthesfour participatingiin “the study) 
had a significant difference in attitude assessment for 
the calculator group over the non=calculator group. 
Although statistically the differences were not 
Significant, Hutton reports that all teachers and students 
were enthusiastic about the use of calculators and felt 
they were an aid to learning and made the lessons more 
enjoyable. 

Jamski (1977) found a significant difference 
favoring the calculator group on an immediate posttest 
but no Significant differences on a retention test. His 
study was with grade 7 eacent shen the subject of Rational 
Number-Decimal-Percent conversion. In addition to the 
statistical aspects of the study he reports that 
(1) students enjoy using the calculator because of the 
novelty of employing a machine, (2) students are selective 
about when to use the device, and (3) calculators are not 
a panacea to all problems of mathematics instruction. 

Jones (1976) found that sixth grade students using 
calculators gained significantly higher in total 
mathematics achievement, computation and concepts; she 
also found a significant difference between female and 
male students (favoring females) on concept scores. 
However, no Significant differences were found between 


males and females in total mathematics achievement, 
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computation, attitudes or self-concept; no significant 
differences were Pond among all students in attitudes 

Or in self-concept. She concluded that using calculators 
was more effective in total mathematics achievement, 
computation, and concepts than using only pencil and 
paper. 

Muzeroll (1976) worked with seventh graders and 
found no significant differences in mathematics attitude 
or achievement between groups. He did find an overall 
Significant decline in attitudes towards mathematics 
from the end of grade 6 to the end of grade 7 for all 
Students. Lenhard (1977) analyzed eight tests taken 
by students in grades 7 to 12 and found no differences 
in performance between students using calculators and 
those not using calculators, on test scores, concept 
and computation errors, attitudes, time and rank. 
Sutherlin (1977) studied decimal estimation skills with 
eight grade 5 and 6 classes, four using calculators and 
four not uSing them. He found no significant differences 
in estimation skills. 

Shuch (1976) compared the achievement of 
community college business mathematics students using 
calculating machines with students using traditional 
pencil and paper methods of computation. He also compared 
their achievement with respect to critical thinking 


ability. He rejected the null hypothesis that using the 


™ i 1 it J 
= i) y Mi f j e 
: i ; Rid ee) PY f Vd jl ” ny 
a Ves } i c bs = Aer hid - ae “a riPae 


bap dinhtininl: seamen: ake. Bevo (Oren ‘Hpsipadt ry 
“ obetbsia, aoa dames on ‘ae sonnpaesaib ce con. Batt 
iLateye oe Pots bib an ‘Taewroar base nse 

ay isnot om. oh awe, asbigttaae sid sede sees 9 4 

se ings dale se t abaay,.20 ety itd) aici. Fo hae atte 
. ¢ovey- Breea7 Sie 00 ete ie eh a acuna, 


teootoxwthibheod, Badd? desi odg v aciiey we 


' 
; , j I ar , 
; e —— XN 7 cia Saerd: a a) 
Patye, ra “HB LG MB se a bie ed ea f}, Baned a pera de MA 
} \ ‘ ica a . ; 
A299 nas, cHesieoe oeod! AG) \Wetedelt es ie 
EQS? GQ") e931 “we FS AG / | a i we he 
J a ‘ } Z > Aiehvy ' ) v 
ae we oe ove esate onmieeeoiy ? (Mela 
i } aaa) Lay, wis se. 2 bol 7 ie} y Bears ea wer s ae 7 Y Ole ree ng 
j a : 5 “a 


ii pt hea png’. silat aida econ fone 


| ph 

| athe MeOde US Leo. wreak ae SHS  eeees 4. + “hres * eho 

q : e ; | 4 a 4 on 
lama SS Miki. Seats 2. 2 in fe vend Hebiot: oi)" Rady een, em 3 


7 a ae 
; i [a ie iS ieee 


ae apronies nition aa? Resnaatys AOR Bh) ug 


~ 


ae: adanensa. ab Sno CRSA LE er. 


La) ont o ; ; ; 7 
me a ; , - i 


; ar) ¥ 


wy . las a 
id _psaoeen od hon! am: tie: 3 
alates estes, atelier hd eee 
pity WO oa ie hewitt a 7 bie basin y J Rar dais 
acim Sadh asmeritondd a0 ert eon nm 

: ad ; rh bagel E s i i i 


ak 


calculators will improve students' ability with arithmetic 
fundamentals, arithmetic problem-solving ability, or 
Gpil Gicadsceinkingeabrlrtyvrain studying: ninth grade and 
college students Zepp (1976) investigated the 
interaction of the calculator with specific reasoning 
ability as manifested in proportional thinking. He 
divided the grade nine students as well as the college 
students into high and low ability groups forming four 
different groups. Half of each group were given 
calculators while the others used only pencil and paper 
for computation. The differences between posttest means 
were Significant between the ninth grade groups but not 
between the college groups. He found that students using 
calculators did not perform better than the non-calculator 
students. He concluded that difficulties with 
proportional reasoning ability can not be explained 
by assuming that computational deficiencies are the main 
stumbling block. 

Quinn (1976) used programmable calculators with 
eighth and ninth grade students and assessed attitude 
and achievement. He found no significant differences 
between calculator users and non-calculator users on 
achievement in algebra. In addition he concluded that 
at the eighth grade level, data provide no indication 
that improvement occurs or is superior on attitude 


scales?) ati thesnminth grade the indication is that the 
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programmable calculator could be helpful in maintaining 
and improving some aspects of student attitude when used 
in a standard algebra program. 

Ladd (1974), in studying attitude and achievement 
of ninth grade low achievers in mathematics, found some 
Significant improvement in both but this occurred in 
a very limited setting -- low achievers, short lessons, 
problems from local businesses, experienced teachers, 
and small classes. He also found, however, that adding 
electric calculators. to.the course of instruction in the 
above setting did not increase nor decrease the 
improvement in attitude or in achievement. 

Borden (1977) studied sixth graders' learning and 
attitudes in concepts and skills in decimal fractions. 

He found (1). a Significant gain, favoring the calculator 
group, in concepts of decimals as demonstrated on a 
paper and Bey test not using the calculator, and 

(2) students not“using the calculator had a-‘significant 
negative attitude to mathematics. 

Miller: (1977) found: that: a low’ (on. the basis of 
prerequisite skills) calculator group scored significantly 
higner than vthe low control group on posttests in 
prerequisite skills and in division. Nelson (1976) found 
that gains in basic computational skills and attitudes 
towards mathematics were significantly better for students 


using calculators. 
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Spencer (1975) found that the fifth grade 
calculator group scored significantly higher on the 
reasoning test and the sixth grade calculator group did 
the same on the computation test and on the total 
arithmetic test. Vaughn (1:97 a LOUnG, gules tC UCVsOL 
ninth grade general mathematics classes, that the 
calculator group scored significantly higher on an 
achievement test. He noted no differences in attitudes 
or on retention of skills. Wajech (1976) reported 
Similar results: significantly higher scores on a 
standardized computation test but no significant 
differences in attitudes. Whitaker (1977) studied first 
graders and found that calculators aided students in 
non-timed computations and in solving verbal problems. 
The calculator group, who used calculators to check 
their own daily work sheets, displayed smaller gains in 
mathematics conceptualization. No significant differences 
were found in timed computations, total achievement gain 
Or attitude gain. 

Aldridge (1977) used pre- and posttests with 
remedial students. She found a significant difference 
favoring the non-calculator group on the basic skills 
test but no significant differences when the test was 
compared by grade level. Nichols (1976) studied the 
effect of electronic calculators in a basic mathematics 


course for college students. He found very little 
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difference in achievement, a better attitude toward 
mathematics for the calculator group but not significantly 
so. Generally he found that the use of calculators is of 
Significantly more benefit in improving attitude and 
achievement for students of higher aptitude in mathematics 
than for students of lower aptitude. 

O'Loughlin (1975) used programmable calculators 
in a first year university calculus course. As a result 
of the study he feels that the use of such a calculator 
allows introduction of topics not found normally ina 
beginner's calculus course but also permits coverage of 
the traditional material. The treatment group did 
Sioqnifzeantiy -better«in: certain topics of calculus 
although there was no difference in attitude in the two 
groups. However the treatment group did prefer a 
computational to a theoretical approach and indicated a 
strong desire for continuing use of a mini-computer 
(programmable calculator) in calculus. 

An interesting study involving algorithms for 
operations on positive rational numbers for low-achieving 
ninth grade mathematics students was carried out by 
Gaslin<(1975)s4eThis study was conducted in) the fall of 
1971. He used two algorithm sets: one was a conventional 
algorithm method of operations on rational numbers using 
the usual text approach, a second was an alternative 


algorithm in which each fraction was converted to a 
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decimal on the calculator (truncated to thousandths) 
followed by the operation. He had three treatment 
groups: one used the conventional method and did not 
use calculators, a second used the same method but used 
calculators while the third did the alternative method 
using calculators. He stated that from his results it 
appears that the alternative algorithm with the 
calculator is a viable alternative to the conventional 
algorithm for low achievers. However, if the goal of 
instruction is learning of the conventional algorithm 
then the calculator did not significantly affect 
performance. He found no differences in development of 
positive attitudes. In general Gaslin observed that the 
alternative algorithm provided the ninth grade low 
achievers with a more efficient method in terms of 


rate of mastery and retention. 


Framework and Questions for the Study 


The study was of the type utilizing process 
descriptions based on classroom situations, and 
interactive clinical interviews. There were three 
basic dimensions: 

1. classroom teaching and testing of two 
calculator =groups', 

Dee) interactive clinical interviews with sixteen 


students and, 
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3. classroom observation and testing 
(participant-observer model) of two classes from which 
the calculator students were selected. 

Based on the literature and the style of the 
study, the following research questions appeared to be 


appropriate: 
Research Questions Related to Teachers 


Ql--How do teachers adapt to the presence of 
calculators in the hands of some of their students ina 
Peace 8 mathematics class? 

Q2--To what extent do teachers become 
knowledgeable about the possible role of calculators 
in a grade 8 mathematics classroom? 

Q3--What is the attitude of Hoe teachers about 


the possible use of calculators in grade 8 mathematics? 


Research Questions Related to Regular Student Learning 


Q4--To what extent do grade 8 mathematics 
students learn to use a calculator effectively to do 
basic mathematics calculations? 

Q5--Will the use of calculators improve the 
students' ability to estimate answers to questions 


involving basic operations? 
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Q6--Can grade 8 students effectively use 
calculators to assist with calculations required for 
traditional algorithms associated with operations with 
rational numbers? 

Q7--Will the calculator enable grade 8 students 
to cope with more complex numbers (for example, 1253 
as compared to 8%) in doing rational number algorithms? 

Q8--Will students prefer working with rational 


numbers in decimal form for various operations rather 


than-in. fraction. form? 


Research Questions Related to Student Learning Beyond 


Standard Curriculum 


Q9--Because of their ability to use the calculator, 
will grade 8 students go beyond curriculum requirements 
in mathematics? 

Q10--What aspects of Rational Numbers and Rate, 
Ratio, and Percent will be trivial for students 
knowledgeable in the use of calculators? 

Qll--Because of ability with calculators will 
students pursue various topics not in the standard 
curriculum upon the suggestion of the researcher? 

Q12--Will students show interest in following 
up on mathematics problems posed by the researcher and 


develop their own algorithms in solving these problems? 


 doahhs tld hie! ei Bey 04 quae) sitet Ba | aanaihl tg a ai 


|, ehemexs aoa " 


sauthoorte i ceeirnaia “tenobaes spaizob. at mc) athe ‘Baa 


i ike ts oh Bisse siateide, Laws 
ee ino ia ot 0 eae, 30 mat amg ad et 


ahoee 7 


eo Aon ; , , ie , i d : i] Sitapet es 
imi) i i wi Noes bt Wy me i i: i 71 
: M a an \" he i Mj oD ‘ali ae ; a of i= a PAE) ae 
aby eo steed ynabuaa) pe, eae tee Bits 
1 eat) f ; , vw, 


tj ’ 
aa | 


A 


: doebbeiamherhd a) Sc ming ul d be KA moves ap ssiabe m see » 


 eeek Bite Pes Demon ae i 


. =) eo abi & woneg SW kees Se a 
nek Gangs Litto! he, ee i 
it Tithe Sat ami on Woe Halew rat at mance | 
(pevelenias, ens ae oH BD bens” tO cues nti Be 
ne | lcpilgneess aca: bay Aatteepove kk ange ny Tie ear 


: : we put ; 1 ps 


whe nh lis dy 2 j es sj of oh oh ahah yee sy nk & Dee ie il SD a a 
Sef a9 emis 9 we 


Reiaai Stiri dead pe nivibe ne amar hyou is} ac ng aeteved | 
‘ ae. y i ie " a "7 


pr * 
» yrs 


q fi i -_ 


BRS sald aka abit wad va bbe 208 attic 


Research Question Related to High-achieving Students 


Q13--Will high-achieving students be much more 
active in exploring and going beyond basic requirements 


than will low-achieving students? 
Research Question Related to Low-achieving Students 


Q14--Will low-achieving students be able to do 
basic calculations efficiently using the calculator; 
will they limit their calculator activities to minimum 


curriculum requirements? 


Research Questions Related to the General Use of the 


Calculator 


Q15--What are the necessary techniques for 
effective calculator use? 
Q16--How well do calculator students use the 


calculator? 


Research Questions Related to Student Attitude and 


Interest 


Q17--How does the attitude of the calculator 
students change over the period of the project? 

Q18--Will student interest in the use of the 
calculator be high? Will interest continue without 
further stimulation by the researcher at the conclusion 


of the project? 
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Research Question Related to the Curriculum 


Q19--Which topics of mathematics lend themselves 


to calculator application and which do not? 
Research Question Related to Parent Attitudes 


Q20--What are the attitudes of the parents of 


calculator users towards the use of calculators? 
Research Questions Related to Further Changes in Students 


Q21--What changes occur in the calculator 
students' knowledge of mathematics concepts and in problem 
solving ability as measured by the Canadian Test of 
Basic. Skills? 

Oe HOW, did the calculator students change in 
basic knowledge of computational facts (addition, 
Subtraction sul tiplication,; division? | 

Q23--How did the calculator students change in 
knowledge of Rational Numbers? 

Q24--How did the calculator students change in 


their knowledge of Rate, Ratio, and Percent? 
Research Questions Added during the Project 


Q25--What general mathematical knowledge or skills 
appear important in calculator applications? 
Q26--What might a teacher do to incorporate 


Calculators into regular classroom mathematical lessons? 
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CHAPTER bit 


THE SAMPLE, THE INSTRUMENTS, AND THE ANALYSIS 


Grade and Topic Selection 


A great deal of controversy surrounds the use 
Gfecateutators, at all levels. up to and including junior 
high school. However, there is much more opposition 
about the possible use of calculators up to grade 6 
than cthere' ris; in-gradesijip: s8'cor OuarFor’ this reason 
the junior high school level was selected for study. 
Grade 8 was chosen because these students are adjusted 
to the junior high school setting and because school 
authorities or individual teachers are more resistant to 
wide use of calculators in grade 7 than in grade 8. 

The time of the school year for which the project 
was set meant that grade 8 would be working on the unit 
on Rational Numbers and possibly on the unit on Rate, 
Ratio, and Percent. These two units provide ample 


opportunity .foriscalculator usage. 
The Sample 


Sixteen grade 8 students, eight from each of 
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two Edmonton Public Schools, were selected for the 
project. Each student was provided with a Texas 

LAST LUMeNntSs = TI-Voscalculator® and’ given instruction in 
its use. Students were allowed to carry the calculator 
with them and were encouraged to use it in any way they 
wished -- in the mathematics classroom, in school in 
general, and outside of the school (at home, for 
instance). 

Eight students were selected from one classroom 
(Teacher A) in one junior high school while six were 
selected from another classroom (Teacher B)' in a second 
junior high school. Two students in the second school 
came from other rooms to join the six to form the 
Calculator Group. The two teachers, who provided some 
of the data for this project, were selected through the 
assistance of a mathematics consultant in one area of 
the city of Edmonton. The researcher requested that 
students be representative of a typical classroom -- males 
and females, students of high as well as students of low 
academic ability or mathematical achievement. As can 
be seen from the list of students, Appendix F, this was 
achieved by the teachers. They selected the calculator 
students through a process of student volunteer and 
teacher request and the researcher was satisfied that 
the students were a representative sample of grade 8 


mathematics students. 
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From the school records a Lorge Thorndike 
Intelligence Quotient and the grade 7 final arithmetic 
grade was obtained for each student in the Calculator 
Group. These measures were used to identify students 
as high-achievers, average, or low-achievers. 

The balance of the students from the two 
classrooms from which the calculator groups were formed, 
constituted the non-calculator groups. These were 
tested on certain dimensions for comparative purposes as 
indicated in the results of the research questions. 

The parents of the calculator students 
constituted the parent sample for purposes of obtaining 
parental views on the use of calculators by grade 8 


students. 
Calculator: Instructional Pattern 


For the duration of the project, twelve weeks, 
the students met with the researcher for three forty- 
minute periods per week. Because of the method of 
organization of school schedules, in School A this 
occurred in three separate periods in the week while in 
the other school this constituted the entire Wednesday 
afternoon. 

During the meetings with the calculator groups 
Students were given instruction on the use of the 
ealoulator.« ‘The/outiline, of much’ of fthe basic \instruction 


is given in Appendix B. In addition, Appendix C contains 


| al teste: 


; a nen eate ant ee aa 
| on a cama pias ae Re mst oe ae 
BN r vith i tate any ettebes ae ged pee) eng BO. aon tie 
“nantes 2 ean AR elaiee ; Syeest 
i . vee Papen aye eto elie RO 20° ae, wes 


Ry . / 
j y } | 
y h ; yan es hes ' Me 
h re asf ni ee, i PAL m 
. i yt , J i hee wi, HS h,' I 1% | = om 
ns he 
‘ isis ol deh bl oe bets beri i dodeiog ) 
y phen ite sb= eevee ~~ gn cere ee rerte ‘ 
. dik! o- ait = i 
uh All , H i , £) ' t ' e J fi os 


else phe | a: uF ida OAR & mh) ies a inal aod 


bail "eee 


i 28 pin etic: 1), speaae jean rem ee 


atu aod? aoa Lanny seey EY oe 


ry 


ue Py bode a; : a ohurdide ‘ bred ee aN z 


+ os, igpe ania a4 pqscee oe ak evnnoee a 
‘aaa sea pete, apduside Tk ; ae nd (ooo: wees io eat 


4 
A 


“npdagingtns = asset pa see Roem 


¢ cite ma) 


is.3 Shae eh HOkaE6 Be. 


i af Fr vf 
] eo im 
; Ay) a 
: y | i i \J 
iy uaetat. ' 
: a ( i I a ; MY 
7 | r : ; ; 
A a ie nd ir oe oe wee 


43 


worksheets which give a further indication of the type of 
work the calculator students were required to do. 
Appendix D provides a brief summary of the activities of 


each class period. 
Instruments 
Tests 


The calculator students were given two in-class 
tests (as distinct from interview tests) in order to 
check on the ability of the students to write a key 
stroke sequence (KSS) and to do calculator computations. 

Both calculator groups were given the Canadian 
mest, Of Basic), Skilis, "Form 3M, both as,a pretest. and” a 
posttest. This test provides norms for mathematical 
concepts and for problem solving. The full classes from 
which the calculator groups were selected were given 
researcher-constructed checkpoints as pre- and posttests 
On addition facts; subtraction:facts ,) multiplication 
facts, division facts, and estimation. The two classes 
also were given researcher-constructed pre- and posttests, 
one on Rational Numbers and another on Rate, Ratio, and 
Percent. 

All students from both classes were given an 
Opinion Check (an attitude assessment) both as a pre- and 
as a posttest in order to obtain some indication of 


change in attitude. 
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A second Final Estimation Check was also 
administered in order to get a better assessment of this 
skill based on a set of more difficult questions than 
those used on the original Estimation Check. 

Bach of the four operation checks was given a 
time limit of one minute. The task required the student 
to answer as many baSic facts as possible in that time 
limit. The Estimation Check was given a generous time 
limit of five minutes in order to enable all but the 
lowest achievers to complete all twenty-five questions. 
The Final Estimation Check was restricted to five 
minutes in order to determine the total Alters of 
questions for which students could provide reasonable 
estimates. A “correct" estimate was so judged if it 
came approximately within ten percent of the correct 
answer. 

At the end of the project parents of the 
calculator students were given an Opinion Check in order 
to determine their attitudes about the use of calculators 
by grade 8 students. 

The project concluded after twelve weeks but the 
students were permitted to retain the calculators for an 
additional six weeks. A brief follow-up was then 
conducted. This took the form of a set of questions 
(Follow-up Checkpoint, Appendix E) for which students 


were required to provide the KSS and their answers. 
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The purpose of the questions was to determine whether 
students retained the ability to do specific kinds of 
calculations, some quite easy but others much more 
complex. The students were also asked questions about 
their use of the calculators during the previous six 


weeks. 
Interviews 


A total of six in-class personal interview 
tests called Checkpoints (see Appendix E) were 
administered during the project to determine the 
calculator ability of the students. The first took 
approximately thirty minutes per student, the next 
four about fifteen minutes while the last about fifty 
minutes (the longest took seventy minutes). The final 
one was lengthier in order to achieve a summative 
evaluation on calculator ability. 

The two teachers participating in this study 
were interviewed informally from time to time. However, 
a more formal interview was conducted at the conclusion 


of the project. 


Tape Recordings 


During@aLll class périods #- ‘the+cllass “instruction 
including typical classroom discussions with question 


and answer periods, the group tests, and the personal 
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interviews -- a tape recorder was used to record all 
conversation. The tapes were then transcribed and a 
written record of all verbal communications was 
available. It is from these transcriptions that much 
of the data were obtained in order to answer the 


research questions. 
Observations 


The researcher visited the classes a total of 
twenty-two times in order to observe the calculator 
Students in their natural school setting. School A was 
visited ten times while School B was visited twelve 
times. All visits were made during regular mathematics 
periods. During the visits the researcher made notes 
of his observations. Specifically, observations were 
recorded about who used calculators, to what extent, and 
in what way were they used. The teacher's reactions or 
references to calculators” orto calculator students were 
also recorded. The researcher assumed not only the role 
of an observer but occasionally that of a participant. 
However, the participant role was assumed to further the 
main goal of determining the utilization of the 
calculators or to assist students in determining an 
efficient sequence to be used in effecting a solution to 
a computation. The record of the observations provided 


further data used in the responses to the research 
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questions. Furthermore, the observations helped 
determine some further research questions as indicated 


in the section listing those questions. 


Analysis Structure 


A number of research questions have been 
proposed. In order to answer these questions, data are 
used as obtained from the various methods described 
above. The tape recordings of class lessons and 
personal interviews provided data for many of the 
questions. Interviews with the teachers and the Parent 
Opinion Check provided additional information for other 
questions. Some of the questions were answered using 
the results of the standardized and non-standardized 
tests given to the calculator and to the non-calculator 


groups. 


Summary 


A large number of means of data collecting were 
used. This was done assuming that a wide collection of 
data would be more likely to show variations, 
similarities, and changes over a period of time. 

Appendix E contains copies of the various tests, 
checkpoints, parent opinion check, and questions used 


for the final formal teacher interview. 
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A pilot study lasting two weeks was conducted 
by the researcher in December 1977. Six students were 
selected from one classroom. The purpose of the pilot 
study was to try some curricular materials and procedures 
with grade 8 students similar to the ones who would be 
used in the research project. All students were provided 
with a TI-30 calculator, the type that was purchased for 
the project. A number of observations were made as a 
result of the pilot study. A list of these is in 
Appendix G. 

The Flow Chart, Table I, provides a summary of 


all the activities during the total project. 
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TABLE/ I 


SUMMARY OF CALCULATOR PROJECT 


Pilot Study. (December 1977) 
Vv 


Prenesting (January) 
L 


Week 1 (Jan - Feb) 


Introductory Exercises-—-gave first four pages 


Week 2 (Feb) 
Further werk»onacalculator functions 
Pages 5 and 6 of practice exercises 
Checkpoint 1 


Week 3 (Feb) 
Constants of the operations 
Estimation activities, ratio problems, complex 
fractions, pages 7, 8, 9 of practice sheets 
Mustherscalculatorsaéunctions,,.speciad functions 
of the TI-30 (the "=" sign) 


Checkpoint 1 completed 


Week 4 (Feb) 
Group test 1, complex fractions, estimation 
worksheet 


Week 5 (Feb - Mar) 
Complex fractions--practice in KSS 
"Powers" worksheet, "Tower of Hanoi” problem, 
Patterns worksheet l 
CHECK pOdit., 2 


Week 6 (Mar) 
Large numbers problems, scientific notation 
practice, patterns worksheets 2 and 3 


Constant of multiplication (review) 


Week 7 (Mar) 
Negative numbers on the calculator 
Integers test--some done in class showing KSS 
Mid-project student survey 
Patterns worksheets 4 and 5 


__ Beginning work on fractions 


--continued 
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TABLE Ll ~(Continued) 


5 Week 8 (Mar) 
Use of x and y* keys--review 
"Talking Calculator" worksheet 
Three special problems--KSS required 
Checkpoint 3 
Relationship of expressions such as A+BxXC 
and AX C +B 
Bi; thes i 6k a a 
Week 9 (Apr) 
Problems I worksheet 
Group test 2, percent problems, relationship of 
decimals, fractions, percent 
Complex fractions 
Fractions worksheet 1 
Canadian football field and metric measurements 


Checkpoint 4 


Week 10 (Apr) 
Remaining "Patterns" worksheets--worked many 
examples in class 
How to get exact answers beyond the 8-digit 
Capacity OL etne calculator 
Work with fractions--conversions 
~ Worked Problems I worksheet questions in class 


Week 11 (Apr) 
Checkpoint 5 
Problems I--completed in class 
Continued work on fractions--factoring in 
reducing fractions 
Worked several problems from fractions worksheet 
Estimation Exercises 


Week 12 (Apr) 
Posttests. (CTBS) (calculator groups only) 
Repetands of more than 8 digits 
Palindromes 
Problems from fractions worksheets 
Puzzle problems 


> Co ee ae Re es eee Ramone. ee 
Posttests to total classes (Apr) 


Follow-up exercises (June) 
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CHAPTER LV 
ANSWERS TO THE RESEARCH QUESTIONS 


In this chapter each of the research questions 
stated in Chapter III is answered in light of the 
observations made. In stating excerpts from 
transcriptions sequential numbers are used to identify 
the excerpt and the number is followed by the student's 
code number; for example, Excerpt 1 (M-118) identifies 
the first excerpt and is attributed to the student coded 
as M-118. A missing code means that the excerpt is not 
attributable to a specific student or comes from some 
Other source which the context should make clear. The 
conversation in each excerpt uses R to refer to speech 
by the researcher and S to denote the student. Where 
more than one student participated in an exchange the 
different students are denoted by the appropriate 


Student code number. 
Research Questions Related to Teachers 


Ql--How do teachers adapt to the presence of 
calculators in the hands of some of their students ina 


grade 8 mathematics class? 
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Teacher A and the class were observed in ten 
different mathematics periods while Teacher B and the 
class were observed a total of twelve class periods. 

During the twelve weeks duration of the project 
both classes worked only on the unit on Rational Numbers. 
At the beginning of the project both classes were working 
on operations with integers; this constitutes the first 
part of the unit on Rational Numbers. Before the project 
ended both classes had completed a study of traditional 
algorithms for operations with rational numbers although 
the whole unit on rational numbers had not been 
completed. Teacher A was just a few days from completing 
the unit while Teacher B had several sections to complete 
on solving equations and inequalities using rational 
numbers. 

Each teacher was provided with a calculator 
(including an instruction book) identical to the ones 
supplied to the students. In conversations with the 
teachers early in the project, the writer referred to 
the calculators and how certain operations must be 
carried out. For instance mention was made that this 
calculator is programmed to follow the correct order of 
operations, . (7 st.12..% .13 += would be done.as hb], he (b2: Xo13) 
by. stheycalculaton),. 4 (Note: A single line under a 
sequence of calculations denotes a key stroke sequence, 
KSS). However no further attempts were made to force the 


matter of teacher interest or involvement with the 


pakdaowseah oats spike} 4, ny ney ral ae 
det ‘ols Poa ys ene en) ean aie, 
JogtOtn, gies er a 


“Ebro gba: aa 


(oe 
=) 
\ 
| 
} 
Sf 
j 
a: f 4 


th 


~ 


efemon oF aac of 


i a 
i . i ,, - je ub 7 u — ; r e ay | — 
Gane pans paken sciiiledpone , 


1 
‘ 
uN 
nae 
by! » a 
- or. vp ge 
Co) Sk eS ie ne 
4 iy “i, 
ae Ce: 
“ me bt 
' 


aoe 
[ 
a be 
x" j 
sa - | 
> — 
— = 
f 


Tek, 


(Ne 


ei cl neat ead mathe a9 ni 1 yiaons 


“2 vy * 
; 7 cis a, | 


pert asia lmok peas trimieabong, at Adradup ee 


7 i= ES 


Bebeteal dauage se « oe 2 ake 1 he som done: , 


¢ ee 


free ae 


OS abate ppaceten' 6 thaw. oe 
a deine pas. parent bahia) 


+08 EB Iskeven han 4 


- — 


* e 
7) aes 
clan i 


nexewag? F mh 
ros IB<eu pee Vos Nis aaa 
bem enn, peidaem sbi! 8 


sgn ad Elven = i= rm Lee Ss a £4) ous angtanesye 
wait Bisa, Ge cera ienon att a 


Bm es aiained ys, _xeilaae? OM): bv, tees 


jnemav Lov, ae: dealtanas seiouee Xo 142300 


53 


calculators. With Teacher A there was no indication 
that the calculator was used or that the teacher became 
knowledgeable in its use. Teacher B became more 
involved. The calculator was on this teacher's desk 

(or readily available in the desk) on every occasion 
that the researcher visited the classroom. This teacher 
also had a desk top calculator available to the students 
at all times in the classroom. Students often borrowed 
this teacher's calculator if the desk calculator was 
being used; on occasion he loaned his calculator to 
students in the calculator group when such students 
neglected to bring their own. In the first two weeks 

of the project, when calculators were new to the 
calculator group and to the teacher, students were 
observed asking the teacher about the keys and the 
eperation ofthe calculator. In these circumstances 
Teacher B would answer questions or try to determine 
answers by experimenting with his calculator or perhaps 
consulting the manual to help clarify a point. 

During classroom observations in addition to the 
calculator students who usually had their calculators, 
some other students had calculators as well. Both 
teachers used the general policy that students could use 
the calculator for mathematics except that it would not 
be permitted for use during examinations. However 


Teacher B at the beginning of the project was reluctant 
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to allow use of the calculator for all the mathematics 
classroom work except that students could do their 
assignment sheets and use the calculator to verify 
computations. Early in the project (by the third week) 
Teacher B modified his stand to permit full use of the 
calculator after each student had demonstrated knowledge 
of each new procedure or algorithm being studied in class. 
Shortly after this (by the end of the fourth week) this 
teacher further modified his stand to permit full use of 
the calculators by all students at all times during class 
mathematics periods but not for examinations. 

It 1S pertinent to note that the Edmonton Public 
School Board policy for calculator usage in the junior 
high schools is simply that use is at the discretion of 
the teacher except that calculators are not permitted 
during examinations. 

From the observations it is noted that the 
reaction of the teachers to calculators was to accept 
their presence but to make no other adjustments. 

Teacher B, in whose room was the desk top calculator, 

did have questions directed to him in the first few 

weeks of the project. These questions usually referred 
to the operation of the calculator; that is, to the 
proper sequence of feeding in a problem. However, 
neither teacher made any adjustments in his or her lesson 


presentations, in homework assignments, in sample 
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problems, in work to be done at the chalkboard, or in 
any other aspect of his or her lessons, which could be 
interpreted as an adjustment due to the presence of 
Calculators,in the hands of some students. The 
calculators were treated simply as devices available 
to some students, who were allowed to use them or not as 
they pleased, during the regular mathematics lessons. 
Not once in twenty-two observations did teachers, as an 
example of an adjustment, give modified problems to be 
done by calculator students. Neither was there ever a 
separate discussion about possible algorithms that might 
apply for those attempting solutions using calculators. 
Other than responding to questions on the 
specific operation of calculators, only three 
observations were noted where one teacher made a 
Suggestion on format to students using calculators. 
Two observations occurred in one lesson a the seventh 
week of the project. The class was working on solving 
equations, an example of which is %a + + = 2 > s The 
teacher explanation dealt with the use of additive 
inverses and the class was told to write down all 
intermediate steps. The special instructions to the 
calculator group were that students using calculators 
should write down their calculations on the side of the 
page so that the work could be checked if an error was 


made. The second observation was made during the same 
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lesson. During the assignment part of the lesson the 
teacher was assisting a student and noted that students 
with calculators that have a reciprocal key could use 
Mertovobtain reciprocals’ ‘required? “(Actually “the 
explanation is correct only for reciprocals of numbers 
in decimal form since the key referred to is designated 


as = which means that it gives = where x is the number 


in display. The reciprocal of == , Lor instance, -could 
not be found directly although 5 + 12 = would give the 
reciprocal in decimal form as would 12 +5 = a The 


third reference to the calculator groups was made in 


the eighth week by the same teacher. The reference was 
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eer Roe 


was difficult and somewhat awkward unless the students 


to the division of The teacher stated that this 
had a calculator but if they didn't then the teacher 


pointed out that it was probably easiest to do it as 


2000 
ee 


It must be noted that in the participant-observer 
mode of this portion of the project, it was decided by 
the researcher that he would not intervene in the 
teaching. The purpose was to observe what would happen 
under these circumstances but not to alter the situation 
through intervention. The teachers were made aware, 
through personal discussions with the researcher, that 
the purpose of his classroom visits was to see how the 
calculators were being utilized by the students and to 


see whether any difficulties were encountered in using 
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calculators with specific problems. One teacher was 
given an indication in one conversation (see below) 
that alternatives provided by the teacher to 
accommodate calculator users would be appropriate. 
The matter of teacher reaction, adjustment, or any 
alteration in teaching was left for determination by 
the teachers with no direct urging by the writer. 

In the sixth week, the half-way mark, Teacher B 
asked the researcher in general about the progress of 
the project and inquired, "Is there anything I could do 
in class or whatever?" This was the first direct 
question related to the calculator project. Previous 
references by the teachers were of a general nature 
inguiring how "things were going." It was during this 
conversation that the teacher was informed of the kinds 
of observations being made in class. Also the 
researcher added, "Any response you feel is appropriate 
in terms of the use of the calculator or in terms of 
doing anything in class that you feel would be 
appropriate, for calculatoqr users as;.different. fon the 
other students might also be the thing you could try." 
The teacher left the impression that he would likely 
try some things but this was not supported in future 
classroom observations. 

in summary;ethe adaptation of these teachers to 


the presence of calculators in the hands of some students 


_ ) a 
eh, | 
Sno at 
bone as | 
A: ie ‘i 
- ¥ Le j © 
, i ‘al - a : a ‘ 4 A 
oa ae Pte ‘ 
ann o eae 
: ; « re 
’ is 
vas cAiw’s 
ow) : th ry 


eh a 
‘ & re - 


ae ti Mouse bie Ae 


* ~ aati Sut ; 7 F 
‘i TM f ms a ng es bad B? ; a! : ; = Meu , n H 
Po ine Nee Te, ae Pe ae Pe eee 

Pay: ay da ‘yah ab iso Bava eitee 

v y i. Bite ie ‘ ' ; 6] a % ae | ca as 

; mn . | i un * r bys ; oe iT geey 1 ers rr +5 

; Ake eng ry eee my Tat t ap tl SE OR) a SEs 

ie Diced dite Sl aC BASey LOVE LoS ries 


so ‘se neoee am 


ee a een Mn nae Meat, boc ym anltronsy 
4 4 eats ete f f } F ; \ ey aie 5 rly ~ i 


' ee } eh, : ; ’ 1 ae 
: ( i , ’ 
ty a eee re eee rs. a 
F re, Beier f pine e. Lc eh A OL 8 Chan hh Rt ba ea a i 
.* ele tae We C ; a j 1 ; j : ‘ 
— . ¥ ‘ } ¥ f! 
~-~ 5 1 | j 
y : * wa 4 . ; Pa 4 
{ a id ‘ r mr rw 
er rs dee, Ge n fF A) * f fe Wal en | ora, i Sow, a ae * r 
Nene 2 te’ mw ie 4 é hel ; ' 
‘ { ': S te 4 F 
A 7 
Om : } a ‘ de ey my vt ~ net o Latin (oP re 28 ck 
. . ae ; m™ OTe tel ee reece ' “ty acy PREY 
Mi " 2384 nS F 8 2 q 5 & Bae vb a) “eA 5. ty 2) ae tae ee, ' te , ¢ A 
; 7 4 j : : ! 
t i 
: : * en mh 
r , i ee 4 “9 ny poet ve aby ay Si & © ehh act) hat 
2 fea i it es ‘ =, 
laa * 5 re 4 ' ; : } { 
¥ / 
: Fi . a 
‘e Le ae yf 
, ¥ piryy os se a j 
= +a Dh! re oa he wet) BSW eae yar Bs up oe 
a4 View " ¢ ' ; 
¢ ‘ ; : 
\e : f 
. ‘ ; we bol” ie pat - del my . ee - 
oe & - ; f 
; aan SA nae 
— 4 ia’ 
ames f 6) Sxpw, Bers ao Sey! Jersey 
¥ } \ é a a ro ’ St 4 
ns Mia f 2 7 i ) ee 
=, r 
Fi 
\ r ? 
; iy 
7) , » 
- 
4 af, 
- bra ‘ 
_s s 
‘3 c 
% ¥ 
_ ~ a’ ir 4 
of ig. © a t 
: , B 2 i ; y ie 7 ; eo dein (a e ‘ 
; a . * he wt ge ¥ ee les ei ; > re a “a 
S awisd. “ot YO moter tee rash \ me cite mitt A 
cs : : ‘ ry y J Uy Ha ie Ry ray i erably 
- y ’ cor £ 
‘ Si f r \ ; Tv? oe 
» 1 F i i « 
: ‘ 5 Nek et ‘theo ay 
a fON) TAPS CRRA DRY ended 
ss 2 oe ae 
! V he. f « i hue ih; ra Ni m” Le : 7 Mi 
4 Troe (eu ar : . ay, f 
‘ ) ‘am WN ae il 7 ote’ 
q ft. ue te Be | te are ee MS ee 
f i Fy b= Bo CEY Bhi: oe See as oak 4 cat 
f f ; : a on oa 7. * 
: + We o 4 + aS F 
a ; } Pe een ah ; ; sf 
a y it i : * a 
: t pa So oa th. ae bi : ac edi 
a, SELIO OT ese ages doe Be sie oir | Baht 
we fel _ ki ‘ ’ ' 
s Tha ee > ay i ys ; 7 
e y ve aN ee eo ee 


sq) shy os P22 


58 


involved accepting their presence, occasionally assisting 
students in the operation of the calculators, and very 
minimally (three references in twenty-two observations) 
recognizing the probability of a different algorithm 


to be used when doing a computation using the calculator. 


Q2--To what extent do teachers become 
knowledgeable about the possible role of calculators 


in a grade 8 mathematics classroom? 


There is no doubt that the two teachers have 
definite ideas about the possible use of calculators 
in grade 8 mathematics. From the observations, 
discussions, and final Teacher Interviews, it is not 
clear whether these opinions were formed earlier and 
did not change or whether their association with this 
projectydid help: fo. determine. such opinions... It is 
probable that since the teachers did not choose to 
become fully immersed in the calculator project their 
opinions were likely formed prior to the project and 
likely modi fiedtonly.toia slight, extent Decause of, the 
presence of calculators. Nevertheless, some opinions 
were documented about the possible role of calculators. 

One possible role identified was that the 
calculator could be used as a check on previously 


calculated quantities. 
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There was an expression of concern about the 
ability of students to calculate or to "do arithmetic." 


Teacher A: I think as long as they're [meaning 
calculators) used. properly it's fine. I'm: not 

sure that in the unit you used the hand calculators 
[Rational Numbers] that's a particularly good place 
for them to be used because there they're 
essentialiy learning: arithmetic, ......, and it they're 
learning it, 2.don't think they should be.using 
calculators. 


Teacher B: There may be a fear that some students 
will not know or will not learn how to calculate 
if they use calculators. 


Both teachers referred to a way in which they 
use calculators in grade 9 classes. From their comments 
and the use of calculators in this way, it is apparent 
that this is one role they accept for calculators. 


Teacher A: ... in grade 9 math they have a large 
geometry section where they have to calculate 
hundreds and hundreds of problems on surface areas 
and volumes and perimeters of plane figures. 

Now that, I think, is a really good area where 
calculators can be used because the student can 
perfectly understand, say, how to get the formula 
for the volume or something and perfectly 
understand how to calculate the answer and yet 
because they're careless they don't get it correct, 
(uy hand. tote Loreor Kids that areureally weak 

in calculations, they almost completely give 

up because they know what's going on but can 
never ever produce a correct answer. 


Apparently Teacher A accepts the fact that a student 
must be able to show, for example, that he knows that 
the surface area of a cylinder is A. =. 7rDH, substitute 
tne values, tori, D,oand. A and thenibe;-alilowed 2o 


multiply these on the calculator. Teacher A does 
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concede that such students should not be judged on their 
inabilityetoncorzectiy find (the product’ by \penciliand 
paper computation. Yet this teacher did say earlier 
that calculators should not be used when students are 
"essentially learning arithmetic." It appears that 
Teacher A would distinguish between units or portions of 
units in which computational skills are required and 
those in which computation is required for solving a 
problem. Teacher A referred to the fact that a 
calculator yshould, not be given to grade’)7) students .since 
essentially it's an arithmetic program. This teacher 
also went on: 

Teacher A: Students even in grade 9 don't know 

how to do arithmetic consistently and well. Adults 

don't know how to do arithmetic consistently and 

well so what's the point of giving them a crutch 

in a section where they're supposed to be learning 

that. skiil. 
Teacher B also allows grade 9 students to use a 
calculator quite freely. Teacher B mentioned that the 
elass referred to 1s: “a top-notch, class..." The 
observation made was that even such grade 9 students 
use the calculator extensively but at times too readily. 
Teacher B draws attention of the students to such use 
whenever he notices it in order to keep students from 
using the calculator when a computation is too easy. 
The case cited by Teacher B to illustrate the point is 


when students reach for the calculator to do 15 X 12. 


Teacher B reminds students that 15 X 12 is 30 X 6 and 
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hence not a computation to be done’ on a calculator. 
Teacher B also feels that different students 
have different alternatives. Some students, it was 
observed by the researcher, reach for the calculator to 
multiply a number by 100 or to take 10 percent of a 
number. Teacher B claims that slow students have only 
one route; the ‘calculator; and: they -usée iti. Better 
students will have two routes claims Teacher B, a 
calculator route or a mental calculation route. They 
would automatically choose the easier one, in this case 


a mental computation. 


Q3--What is the attitude of the teachers about 


the possible use of calculators in grade 8 mathematics? 


Some of the examples given in answer to Q2 would 
apply here. It is obvious that Teacher A feels that 
students in grade 8 should know how to do the 
computations using pencil and paper. Having proved 
this ability it is) then quite permissible: to use the 
calculator. On the other hand Teacher A concedes that 
if your objective is to do mensuration questions the 
full use of the calculator should be permitted. Teacher 
A relates this to the different objectives for these 
lessons. 

Both teachers referred to School Board policy 


and accepted these restrictions. However they both felt 
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thacvsemesmore definite, policymis»needed.i.TeachernaA 
felt, that=the policy .should/sets+out thevkind of 
activities for which the calculator could be used. 
Teacher B stated that likely school programs will be 
adapted to the calculator. 
Teacher B: ft. (the curriculum] has, to change. 
Probably even what you're doing now is going to 
give, ushadleadeasntorwhat, directions thiss»is.going 
to take. 

Teacher A favors the use of calculators ina 
way which will develop certain skills. This teacher 
referred to an activity used by another teacher, in 
which students did rounding off and then checked their 
accuracy by using the calculator. This teacher favors 
any activities in which the calculator is used to enhance 
any such skills such as estimation skills or when the 
calculator enters into a task, Me eh SORT O Deron Nee resc:. 
for motivation, also to get the arithmetic out of the 
way." The last comment concerning arithmetic referred 
EO using a calcudator Lo practice rounding, oft skilis:. 

Teacher A would certainly not favor much 
reduction in computational practice exercises to be done 
with pencil and paper. When the possibility of a core 
computation requirement was mentioned with the 
suggestion that more complicated calculations (such as 
a three-digit number multiplied by a three-digit number) 


be left to the calculator, this teacher disagreed. 
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teacher AeA eAtSstudent cinejuniorihigh isn't going 

to get facility in multiplication unless they’ do 

get hours and hours of practice, and if you teach 

them and show them the algorithm and suppose you 

do take it to a three-digit times a three-digit 

number and you give them one or two questions, 

they aren't going to remember how to do it and 

they're not going to be able to do it. 

R: Do you think it's important that we be able 

£o0-Gdo- such multiplication? 

Teacher A: Yes. Someone who can calculate well 

can get answers to, say, multiplication questions 

faster and more accurately than someone on a 

calculator who doesn't know what they're doing. 
This teacher elaborated on this theme by stating that 
some students start calculating and get confused. 
Another student Will think about a question, do the 
calculation by pencil and paper and be done long before 
the student with the calculator. This teacher obviously 
feels strongly about being able to do all these 
procedures without the calculator before being permitted 
to use the calculator freely. 

Teacher A: But yet the students should be able to 


do thetcakcubatzons withouttithe. calculatoriyand that 
TSsethe thing. thatvis: feally amportant. 


Research Questions Related to Regular Student Learning 


Q4--To what extent do grade 8 mathematics 
students learn to use a calculator effectively to do 


basic mathematics calculations? 


In the fourth week of the sixteen-week project 


students were given Group Test Number 1 (Appendix E). 


The following nine questions could be described as 
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requiring straight-forward calculations: 
Zs gr lOmto telex 3) a= 1% See 387 —(466hth466H44243).=., 
Aswad8SchAde yoo 87 4=- , 


7. 948 + 948 + 948 + 948 + 948 + 948 + 948 + 948 = , 


Gee PAgsexd0ne 39969.) /1 x87430°= 4, 

Us Ouer eee) 001504 = 9, (120) (888Xe888 4.454 =, 
331) 1940 9ks C2759 34540 .3)4= 47 Insadditionsnumbersu5, 

7483 + [ J] = 4096 required only moderate interpretation 


and becomes a basic calculation. Number 6. 
643 549 29ers = 2617 and number: 10.0 ‘The sproduct! of 
768 and 237 = , require some further understandings 


before applying direct calculation. 


Number 2: 
The question is 16 + (89 X 3) = and the most 
direct .aanswer would-be 16.-+.89.X-3 =4.:>-ALlL students 


did this question correctly. Of sixteen students five 
used a left parenthesis, 16 + (89 X 3 = , which is not 
needed because the calculator used in the project is 
programmed to observe correct order of operations; four 
students used both parentheses, which is a further 
unnecessary keystroke; two students reversed the order, 
$9 5X 3.44162 4) which is oannecessary sbutils jtheysortsof 
thing one would do with a calculator that does not do 
correct order of operations. 


Number 3: 


This is 387 - (466 + 243) = and the most direct 
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way to obtain the answer would be 387 - (466 + 243 =. 
Eight students did it that way, four used both 
parentheses while four did (466 + 243) - 387 = and so 
obtained the additive inverse of the correct answer, 
S22°anstead oF + 322% 

Number 4: 

This question, 783.47 - 69.874 = would be done 
exactly as shown. All sixteen students did exactly that 
and got the correct answer. 

Number 7: 

This question should have been done as 948 X 8 = 
in view of classroom exercises (even if they didn't know 
this from other experiences). Nine students did that, 
one did 948 X 7 = so miscounted the number of addends, 


three correctly used a constant of addition 


(948 + K = = = = = = =), two did it correctly by adding 
in sequence, and one used 948 yt 8 =. The latter 


misinterpreted it as a multiplicative situation rather 
than an additive one.. 

Numbers 8 and 9 were intended to see if students 
would do obviously simple items by mental calculation. 
Only seven did number 8 mentally, nine did it with the 
Calculator, Dutvall)got it right. Number 9 was, done 


mentally by four students, twelve used the calculator, 
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Number 11: 

The most direct solution for this one is 
0.010 816 + 0.00104 = except that in entering these 
numbers the '0' preceding the decimal is omitted. 
Fifteen students got this correct while one indicated 


correct KSS but neglected to indicate the solution. 


Number 12: 
This one, 888 X 888 + 4.4 = , could be done most 
efficiently as 888 a + 4.4 = but at this stage students 


may not have had many opportunities to use the x7 key. 
However five students did use it, nine did it directly 
as given getting the correct answer, one did it directly 
but enclosed 4.4 in parentheses, while one inadvertently 
omitted the question. 

Number 13: 

THES AS47946 2% °627,.93 05 10 ns) and the most 
directhrnoute wouldhbe ctordoritnases946 Kn2Ge98e2t0.3. = 
Since parentheses are not needed. Seven students 
indicated they did it using only the left parenthesis 
but one got an incorrect answer, eight used both 
parentheses while one reversed the order doing the 
division first followed by the multiplication (he had 
the correct answer). 

Number 5: 

This question, 7483 + [ ] = 4096 would require 


students to know that subtraction is needed so 
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4096 - 7483 = would be the easiest way to get the 
solution, 3387. Thirteen students Got thiseacorrects 
two reversed the order and got 3387 while. one omitted 
this question (and the next one). 

Number 6: 

This was similar to number 53 643 + 929 + [ J] = 
2617 except that students would need to subtract two 
numbers so the solution would be 2617 - 643 - 929 = to 
get 1045. None-used the direct method but six did it by 
using a left parenthesis, 2617 - (643 + 929 = while four 
others did it similarly but used both parentheses. 

Three students correctly used memory by doing 

643 + 929 =/STO72617'\=9RCL. ='which is correct but not: as 
efficient. One student added 643 and 929, wrote the 
result and then subtracted for a correct solution. One 
started with 643 + 929 but the remaining KSS LS UROG 
Cieamlbut he got the correct answer. One student 
omitted this question (she had also omitted number 5). 

Number 10: 

The students needed to know that 'product' calls 
for thesrestlthof multiplication. neninerdid:. this 
correctly while seven correctly found the sum of the 
two numbers so the terminology was the problem 
apparently. 
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correct answers possible on the first nine questions, 
134 or about 93% were correct. However not all of these 
were efficient. Of the last three requiring some further 
interpretation the correct solution was obtained in 37 
of 48 possible ones or about 77%. The problem with 
poorest results was number 10 which called for the 
product of two natural numbers; the problem for seven of 
Sixteen students was the meaning of "product." If 
efficiency is a criterion then the percentage is 74 

for the first nine problems; using both parentheses 
where one will do was interpreted as efficient as was 
reversal of order but obtaining the correct solution. 
Inefficiency was assumed if the calculator was used to 
multiply by 0 or by 1. Under these criteria (and 
assuming use of memory in number 6 as efficient), about 
73% were efficient in the last three problems 55° 86 

and 10). 

In view of this evidence students generally do 
notunave much. difficulty in doing basic calculations 
although they are not always most efficient in performing 
the caiculations. » The fact remains, though, that getting 
the correct answer is done with a high degree of accuracy 
(93% overall). When some interpretation is needed or 
when negative integers enter into the calculation this 


work does remain trivial for many students. 
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Q5--Will the use of calculators improve the 
students' ability to estimate answers to questions 


involving basic operations? 


A total of fifty students did the Estimation 

Check of twenty-five questions (Appendix E). Five 
Minutes was allowed but this was set so that all but 
the very slowest would get through the check. 
Thirty-four non-calculator students went from a pretest 
MeanwOniWecao0 tO ls, 2941, a gain: of about.3,05 points, 
while the sixteen calculator students went from 12.3125 
co. 26S Os oa .gGain- Of -about: 4,38) points, 

A t-test using 48 degrees of freedom shows that 
at the 5% level there is no significant difference 
between the mean of the samples on the pretest. Under 
the same conditions there is no Significant difference 
between the means on the posttest. 

Students were also given a Final Estimation 
Check (Appendix E). This test, made up of fifty questions 
considered by the researcher to be more difficult than 
the Estimation Check mentioned above, was given to all 
students at the conclusion of the project. Students were 
given five minutes for this test and only two students 
{or fiety) attempted all> problems.7) The: mean, ory the 
Calculator students was, 13.1975 and. “of the. non-calculatcor 


stndents:.9'.3529.; The difference between the means was 
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Significant at the 5% level. The calculator students 
made 12.5 mean number of errors while the non-calculator 
students made 15.8824. 

In summary, it is not conclusive that the use 
of the calculator helped to improve the ability of the 
students in their estimation skill. On one Estimation 
Check the calculator students scored significantly 
higher than the non-calculator students, but it is not 
possible to attribute this to the use of the calculators 
exclusively. It may be that in general the estimation 
type of activities given throughout the calculator 
project were the important determiners. Nevertheless, 
the calculator students did improve in estimation skills 
and in one case did significantly better than the 


non-calculator students. 


Q6--Can grade 8 students effectively use 
calculators to assist with calculations required for 
traditional algorithms associated with operations with 


rational numbers? 


The results of two questions will be analyzed. 


Questions 5 and 6 of Checkpoint Number 6 (Appendix E) 


3 14 + 14 


asked “students to find 16a + 3855 and 275 4 3655 and 


to express the answer in the usual common fraction form. 


Since these questions were given at the end of the 


project the results show the capability of the students 
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after considerable experience with the calculator. 


In doing 165 + 38r8 the normal route would be 


ME pisemrcmecrlcubaror +O. find 7X). LO, 7s toe 7 Xx a, 


Dil 
and record 16335 + 38535 “then -usingethescalculator 
155 


the student would likely get 34535 , from which he would 


get 55-55 - By using the calculator to check 


divisibility the student could quickly establish that 


2owes : 
33 1s in lowest terms. 


Except for two students, M-117 and F-120, the 


students were able to work this question readily, to the 


point where they got the final correct result, 55555 ‘ 
Student M-117 had trouble getting from 54723 to 55,44. 


Constant step by step help was needed to get that 
conversion. Student F-120 needed constant assistance 
from the very beginning: 

Excerpts) *(FP-120)):: 

[After the researcher had reviewed what the 
question called for.] 

R: What should we do? 

S: We should change the fractions [meaning to 
improper fractions. ] 

R: It's probably better in addition to work with 
them as they are but change only the fraction portion. 


[Researcher wrote 16—— + 38—— = to assist in the 


process]. 
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How do we change the two fractions? [No 
reply.] When you want to add 3 and what must you do 
with them? 

S: You find the common denominator? 


R: Right. What is a common denominator that 
you can always use? [No reply.] You can always find 


one by multiplying the denominators, in this case 7 times 


Lo. DO that cand. enter at. [Student now had los35 + 
38535 = .] Now we must change 2 to that: one. [Showing 
ed 2) 

3 -] What do you do? 


See eciiteseo.. . Petudent: dio thateand for the 
next one ide ld: x1 9vand was) corrected=by, the researcher .] 

[The questioning continued in this way with the 
researcher guiding progress with questions as follows: ] 

R: Now we're going to add so what is the sum of 


the whole numbers? 


S: 16. + '38. [Student did this on the calculator 
255 
so now had 34535 cel 


The next stage was the change to 55755 which 
presented a problem (a later discussion illustrates this). 

Most students (nine of sixteen) proceeded directly 
to work on the question getting to 5525 with no 
difficulty. One student, F-112, whose calculator 
technique was the most careless of all students, made an 
error in calculation which the researcher corrected. 
Six students, M-117, M-123, M-121, F-119, F-1l2 (mentioned 


above), and F-120 (mentioned above), wanted to begin by 
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changing the mixed numerals to improper fractions. The 
researcher suggested working with the mixed numbers as 
indicated in Excerpt 1 above. 

The biggest difficulty experienced in this 
ee Vea 
Pays 
be reduced. Clearly this is not a calculator problem but 


problem was in the decision concerning whether 


one of mathematics. Generally all students, even the ones 
weakest in mathematics, know that some process of 
division was necessary to check this out. In all cases 
students used the calculator to decide whether 133 could 
be divided by ll. 

Following is an excerpt which is typical of 
students who needed some guidance but would likely have 
answered the question if left completely alone: 

Excerpt, 2 (F=126)': 

[Student had 55555 ri 

R: How do you know if you're finished? 

[studentdid 133-403) =). 
Why are you dividing 133 by 3? 

S: Because it can't be divided by 2. 

R: Yes, but what are the ere that divide 22? 

SLs ena 

RB: So wheatecan you do to check tole .coan. be 
reduced? 


(Student did. 133. 3°11 =<and noted that) 26 


doesn't divide. | 
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SO what do you now know? 
5S: “That's as low as:it cango. [meaning the 
fraction can't be reduced]. 
Appendix J contains excerpts from work with 


students M-117 and F=-120. These students had by far the 


MOS Evora culty sarter ‘they got ‘to 54523 - These two were 


the ones mentioned above as needing extra assistance. 


Question number 6 required that the students do 


275 Xx 3655 and get the answer in the same mixed number 


form. Essentially this meant expressing the question as 


133 554 : DO Gio 22 
in X Ts and then multiplying to get 0s a By 
division this gives 1018.3048 which indicates that the 
answer is 1018 plus some fraction. The procedure of 
LOS cx) 105° =. EXC -— RCL =- (provided. 106 922° had been put 


into memory earlier) yields 32 which now indicates that 


the answer is 1018=2 . - .BY jinspection one fobserves that 
= is irreducible although that is not obvious to a 


grade 8 student. 
In this question students had no difficulty in 
ane LOO; 922 
doing the proper calculations and then writing —j5s5— ; 
Seven students had to be reminded that in this 
multiplication question it is easier to work with each 
fraction expressed as an improper fraction. Perhaps as 


a result of just having done an addition one previously, 


they wanted to attempt working with the numbers in mixed 


number form. 
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Students had difficulties in this question in 
106 922 32 


using the calculator to get from es ia to 101875 ; 
The division yields 1018.3048. Three students wanted to 
multiply 0.3048 by 105 to find the fractional portion. 
The researcher pointed out that this may not always lead 
to a whole number (it does not in this case) and one 
could not be certain that the correct value has been 
found. In the case of twelve students the researcher 
had to assist them usually by pointing out that it is 
necessary to multiply 1018 by 105 and then subtract that 
result from’ £00 922. To get this subtraction the 
students had been reminded to put 106 922 into memory 
(STO key) when that number was first obtained. When 
1018 X 105 was done the value 106 890 was obtained and 
in display. PAL“this*point “EXC *-SRCLA=2would put eie6 890 
into memory, 106 922 into display and then subtract in 
the correct order. Of the twelve students needing 
assistance in doing this portion, eight needed help with 
the correct KSS for exchanging the display and memory 
and completing the subtraction. One of the students,e 
F-120 referred to previously, could not do this question. 
She completed it only with assistance throughout with 
much of the information being given to her directly by 
the researcher. 


Tt is noted that the EXC function of the 


calculator exchanges the display with the value in 
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storage. The RCL key simply recalls from storage without 
destroying the value in storage, the STO key is used to 
place the displayed value into storage and SUM adds the 
display value to the storage value and retains the sum 
in storage. Appendix A, Definitions, contains more on 
the TI-30 calculator. More on the ability of students 
to use these keys is contained in the reply to O16. 

The next excerpt is used to illustrate the 
kinds of exchanges that occurred in assisting students. 


Excerpt 3 (M-125): 


106 9.22 
105 


numerator had been placed into memory upon the 


[Student got to On his paper and the 
researcher's request. ] 

R: Now what do we do? 

Say aneauce, tio (he dic RCL a) LOS = hand\yigert 
1018.3048. ] 

R: Now we have to calculate how much of 106 922 
has been used to get 1018 and so find out how much of it 
is: Lert. (Student did not know so the researcher told 
Hime to.mMultiply LOLS by 105... Student; béegane fo enteral) 
of 1018.3048 and the researcher had to tell him to use 
only 1018. The student did and got 106 890 and was told 
that subtraction is required. ] 

R: Where is 106 922? 


5: in, storage. 


R: Right. How do we get 106 922 minus 106 890? 
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Soy Rhecar I. 
Rig Wella te you do>, You Will lose che number in 
display. 
S: Well, exchange them. 
Rew) Raa [Student did ExC - ORCL =~ got 32) and 
32 


wrote l1Ol 8555. ] 


the final difficulty that’ thirteen students. had 


was in deciding whether could be reduced to lower 


ME 
105 
terms. Three had no trouble here. Three of the ten 
needed only minor guidance while seven needed considerable 
help. The next two excerpts illustrate respectively a 
case of slight assistance and one with a large amount of 
help. The latter continues Excerpt 3. 

Excerpt 4 (M-115): 

R: Can you reduce = ? 

Scr 24. 3 Won. te WOLK’. 

Re. What can divide 32? 

Seaiic 

R: And any other number that doesn't involve 2? 

Se [Pause] No, because they'd all be multiples 
hs ae Aes 

ne Yes, SO? 

Ss AeTheate stor ocohat s).aS tan as syou cangco, 

EXCerp eS UMelZ or. 


[A ‘continuation Of the: situation described in 


Excerpt: 3.] 
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R:, What's One nhumber you can’ divide*into 32°? 


R: What's the simplest number we can use? 

Sa WELL, 1 cal go, 

Reg 2 eS, OuL Other than: I. 

Shoe ee elie 2. 

Re 16S, ho wi lin 2 divider 1052 

ie ns 

Ree bine.  Locan*t divide 32 by ‘anything exceot 
2 and, then 2 aqain but that's: all, but 2) doesn't divide 
105 so what can we say about the fraction? 

S: It stays the same. 

Only one” student, M-115, did this question without 
assistance from beginning to end. 

From the above analysis it is clear that students 
can use the calculator to assist them with certain steps 
to do rational number algorithms. However SC ent 
entirely to themselves it is probable that no more than 
eight of sixteen (50%) would likely have been able to 
work through to the final solution. Students need much 
more practice to develop skill in the algorithms 
necessary. Steps involving use of storage were 
Particularly difficult...) In, the,time available nor all 
Students became aware of the power of this aspect of the 
Calculator. An algorithm which. was difficult to master 
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and B isiin the display. Since in the project, the work 
with fractions came near the end, apparently not enough 
time was available to make these procedures clear to all 
students. Nevertheless, with the more direct calculation 


parts of these problems students had no difficulties. 


That 1S, in getting from 163 Ae 3855 to 55,55 and from 
275 X 3655 to 8 most students had no difficulties. 


In the first the major difficulty was in deciding 
whether — was in lowest terms. In the second the major 
problem was in going from a8 222 to Lo1s.s2 and then 
again the difficulty with the concept of relatively 
prime numbers arose. 

-It should be noted that since no accommodation 
was made in the schools for calculator activities, these 
students did not have any practice on the calculator 
algorithms. In addition the kinds of fractions given in 
the classroom would not give students opportunities to 
practice factoring of large numbers and then using these 
in reducing, fractions. The only chance, students had to 
do these was in the class sessions with the researcher 
and in ee exercises done on their own. However, 


these would not be sufficient to firmly entrench these 


new procedures. 


Q7--Will the calculator enable grade 8 students 
iss 
to cope with larger numbers (for example 1255 as compared 


to 8%) in doing rational number algorithms? 
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There is no evidence to indicate that more 
unusual fractions, such as 3875 used in Q6, present any 
more difficulty to students than would simpler fractions. 


In working with fractions students used the algorithm 


38 X 19 + 14 = and then wrote 8 if they needed to work 
with fractions. In doing questions 5 and 6 from 


Checkpoint Number 6, students made no errors (except in 
one case) in actually obtaining the equivalent fraction 
forms. As shown in Q6 the difficulties were with such 
things as knowing whether they should work with mixed 
numbers or improper fractions, how to go from an eeroear 
fraction to a mixed number, and how to decide whether a 
fraction is in its lowest terms. 

During class instruction Students worked through 
several problems using difficult fractions. However, 
the better calculator users are usually the ones who 
provide most of the answers as to procedures. The 
mathematical principles also are supplied by those who 
are high-achievers in mathematics. It is obvious from 
the difficulties seen in the personal interviews that 
the average or below average students (in general ability 
as indicated by the IQ) have more difficulty in working 
through examples and need much more guidance. See 
Appendix J (Excerpts 3, 4, and 5) for examples of 
in-class discussions while working on rational number 


operations. “In all of thevexcerpts in Appendix J, it 
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can be seen that the magnitude of the mixed numbers 

had no bearing on the ability of students to handle the 
calculations. It was relatively easy for many (but not 
aiiye students to factor.14).117 ‘to. getl7 .X.743.-and then to 
decide that neither of these factors divides 34 817. 

The difficulties for students, except for the few 
high-achievers, was to know that it is a factorization 
that is needed and subsequently a trial of the factors 

for divisibility into the denominator. 

An inspection of the grade 8 mathematics program 
used in these schools soon demonstrates that the 
calculation practice exercises, as well as calculations 
required in problem solving, are meant to test the 
students' ability to apply an algorithm and not to work 
with more 'unusual' number forms. Consequently questions 

iL 3 5 


. 5 
a eee re L ie 
such as 25 ; Ox 25 33 Or 42x i Hee. common. 


In fact these are among the more difficult ones when you 
compare to such as ¥ + = Ort 3 1z » Students cover 
literally dozens of such exercises in order to establish 
the rules of the operations. Opportunities for any 
further aspects of work with rational numbers are rare 
'ifsexisrent: at all... kt is, doubtful whether students 
experience or appreciate the algebraic nature of the 
algorithms when they are never required to do any but 


thevscimplest kinds, Of fractions « This isa iguescion 


that bears further investigation. 
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Q8--Will students prefer working with rational 
numbers in decimal form for various operations rather 


tham inefractiton, form? 


In doing problems in class instruction conducted 


by the researcher, instruction and practice were given 


in doing rational number algorithms in both forms. In 
a question such as 6 = She 2 ripe is obtained and 
a i 12 aT 


the calculator is used in the various calculations. 
In the decimal form approach a relatively simple 
aigorithm Of 86+ 7s 12 °= - (38 °+.14 4515 = would 
yield.47.65. 

In Checkpoint Number 6, students were required 
=} 14 4 14 


7 = 3855 = and 27a x 2 Oe 


(numbers 5 and 6 analyzed above in Q6) giving the final 


to do two questions, 16 


result in fraction form. In addition the students were 
asked to do two questions (numbers 7 and 8), 

isd 1228 = and 3344 = 453 = , giving the answer in 
decimal form. The latter implies that the whole question 
could be done in decimal form in order to obtain a final 
result in that form. 

Upon completion of the checkpoint students were 
asked some questions about their reactions to the 
calculator project. Among the questions was one asking 
them about their preference in working with rational 


numbers. Fourteen students enthusiastically chose the 


decimal form of doing these problems. The most common 
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reason given was that it is easier in that form. Two 
students (both above average) also added that in decimal 
form one doesn't need to write down so much. One of these 
Students added, "... even though writing down stuff helps 
you." (He had contradicted himself because just prior to 
this he had been advocating pencil and paper work since 
this provided a written statement of the work). The other 
Student added as an afterthought that he didn't really 
mind the fraction form as it wasn't all that hard with 
the calculator. Two students, M-117 and M-125, stated 
that they would prefer the fraction form. The former, a 
low-achieving student in calculator usage and in 
mathematics, preferred the fraction form, "Because it 
seems easier to me, because all I do is figure it out." 
The reference to "figuring it out" meant that he could 
do parts of it and write these down, whereas the decimal 
form requires a continuous flow in the KSS. This student 
was very deliberate and slow in using a calculator. 
Usually he verbalized his KSS in a low tone as he worked. 
He did concede that the decimal form took much less time. 
It is possible that the fraction form gives some students 
some security since it is a form with which they are more 
familiar. The decimal form is not part of their regular 
classroom algorithms. 

The conclusion is that students do prefer the 


decimal form of working with rational numbers. 
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Research Questions Related to Student Learning Beyond 


Standard Curriculum 


Q9--Because of their ability to use the 
calculator, will grade 8 students go beyond curriculum 


requirements in mathematics? 


In the first week of the project two students, 
M-124 and M-122, asked about the meaning of trigonometric 
function keys on the calculator. By way of illustration 
the researcher posed a typical "find the height of a 
flagpole" problem by being able to measure the shadow 
cast by the flagpole and the angle of elevation of the 
top of the pole taken at the end of the shadow. This led 
“to a brief description of the tangent function. After 
calculating the height of the flagpole no further 
questions were posed nor did students ever return to 
these functions with further inquiries. The one example 
seemed to have satisfied their inquiry about these keys 
On the calculator. 

At both schools during the first week questions 


were raised ‘about the “log” and vinx” ‘keys. The 
researcher's explanations were to the effect that these 
are used in advanced mathematics taken in high school 

and in university. A brief explanation of the meaning of 


the log of a number was made by referring to power 


notation. Again this was never pursued by any students 
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either in class or as an extra during appropriate times. 

The researcher noted several times that some 
students did much casual exploratory work with their 
calculators. However most of this was not related to 
discovery (or attempted investigation) of advanced 
mathematics. This exploration seemed to be directed 
to seeing what happens when various keys were pressed 
Singly, in pairs, in groups, or in various sequences. 
One student, for instance, discovered that he could turn 
the calculator on by depressing certain groups of keys 
in a certain sequence but not using the ON/C key. 

In summary, these sixteen students stayed with 
the standard curriculum. They did not attempt 
investigations into topics not normally covered in 
their grade. They were satisfied to do their work, 
either in the calculator periods or in their mathematics 
periods, using the calculator if it seemed appropriate 


or necessary. 


Q10--What aspects of Rational Numbers and Rate, 
Ratio, and Percent will be trivial for students 


knowledgeable in the use of calculators? 


The traditional work (especially as it appears 
in the consortium material and used in many schools of 
the province) is based on simple numbers. The work is 


usually’ such that’ the numbers are” “nice.” For instance 
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eer 2 
85 cS 4a becomes a x xe and everything works out to 


Simple calculations. In the sense that these questions 
require the students to know the fundamental procedures, 
they are a sufficient challenge. However they do not 
provide much of a challenge for good calculator users. 
Using the calculator, students would do 8 + 1:3 =#¢ 
(4 + 1 + 6 = and get 2. The invert-and-multiply rule 
is not of any significance when this occurs. 

Similarly, when working with Rate, Ratio, and 
Percent problems, students are given simple questions 
Sucit.as-crinding i/15%3.0f 70. They .doxthis -as = = -- : 
The calculations involved are simple because the emphasis 


seems. 1to ‘bewon - the u.wmethod:... To. find »30..25% sof..78:+9 is 


really no different but such a problem is not likely to 


Sevier Many 
100 78.9 


the difficulty to the students without calculators is in 


be raised in the classroom. When “faced with 


the calculation. However, when students have calculators 

the latter question is no more difficult than the former. 
The same techniques of teaching can go on but 

the actual calculations will be trivial. All student 

concentration can be on the method and on the analysis. 
From the excerpts given previously and from 

those insAppendix.oJ ,ict.can:be-seen,that ythe ,digts.culty 

students have is usually with the method to be used, not 

with the calculations, when they have the use of a 

calculator. Their common problems are to decide what 


numbers must be multiplied or otherwise processed. Once 
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that is known the actual calculations are usually simple. 
Only in the more complex situations presented do some 
make errors Of entry or others related to calculator 


manipulations. 


Qe -secaise, Of ability, with catculators will 
students pursue various topics not in the standard 


curriculum upon the suggestion of the researcher? 


Several opportunities occurred when the 
researcher broached topics that might be new to grade 8 
students and which would not be part of the standard 
curriculum. One such instance was when students in 
School B asked about the trigonometric keys on the 
calculator... The, researcher taught. the. use BE the tangent 
function (described in Q9 as the "flagpole" problem) to 
this. Class wm. He. adiso.introduced. thisrin. School A...1As 
mentioned before the students showed Keen, interest and 
were able to follow the reasoning in the problem. There 
was no further interest expressed by students at either 
school nor did students ever ask about the use of these 
keys again. The researcher did not follow up on this 
type of problem :on his initiative ei1ther. 

There were other instances when the researcher 
initiated activity into areas not normally, found in the 
grade 8 mathematics curriculum. One such case was in 


working with powers. Students were given several 
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problems in the form of a worksheet (see Appendix 
C--Powers). In spite of much encouragement and assistance 
Students could not work through all the problems. Nor 

did they complete these problems when a start had been 
made in class. The problems were completed by the 
researcher leading the class in discussion. The classes 
did not volunteer any information that could be 
interpreted as student initiated extension of a topic 
introduced by the researcher. 

Another example of work that provided 
opportunities for students to continue explorations is 
illustrated by the worksheet called The "Talking" 
Calculator (Appendix C). All students worked at it very 
diligently and were most anxious to get the message 
without outside assistance. However, having done this, 
there were no further moves by the students to produce 
mathematical examples of their own which would produce 
words. They did inquire; about: ali the letters.that 
could be produced from the numerals and many students 
did use these numerals to produce words. Generally this 
was done in class during the time allotted to do this 
work jon The "Talking" Calculator questions. ‘They did 
not, however, return at some later date with additional 


follow-up activities related to this exercise. 
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Q1l2--Will students show interest in following 
up on mathematics problems posed by the researcher and 


develop their own algorithms in solving these problems? 


The intent of this question was to see to what 
extent students would take the initiative in working 
special problems, in seeking other problems of a similar 
nature, or in developing alternative algorithms to solve 
certain computational problems. 

A number of situations arose or were provided by 
the researcher for demonstrating interest in this 
direction. One such example is the worksheet, Problems I 
(Appendix C). This provided a number of word problem 
Situations which could give rise to further explorations 
or to statements of similar problems. However no such 
moves were made by any students as a result of doing 
the Problems I worksheet. In fact most students had 
difficulties with these problems and consequently made 
only a beginning by attacking the first problem. 

Baveral students were incorrect even in this minimal 
attempt. The. difficulties. encountered repeatedly related 
to mathematical knowledge (for example, should you 
MULtiply Or GlVide). “students Wele LOrever UNcer rain as 
to what to do in order to solve the problems. Once the 
procedures were clarified, the actual calculation was not 
ayproblem. As: usual, it was, the, high-achieving students 


who were able to assist in deciding on the method to be 
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used in solving problems. 


Research Question Related to High-achieving Students 


Q13--Will high-achieving students be much more 
active in exploring and going beyond basic requirements 


than will low-achieving students? 


As might be expected good students provided 
most of the input when difficult (and unusual) problems 
were discussed in class. However as mentioned previously 
in Q12 there was not a great deal of activity showing 
that students explored mathematical problems or went 
into more depth in topics that were raised. Most of the 
exploration occurred in seeing how the calculator works, 
what effects certain keys produce, and such general 
exploring of the operation of the calculator. Again 
this seemed to be predominantly an activity of 
high-achieving students. 

This question will be more thoroughly explored 
in the next chapter in Case Study Number One in which 


the calculator ability of a high-achiever is explored. 


Research Question Related to Low-achieving Students 


Q14--Will low-achieving students be able to do 
basic calculations efficiently using the calculator; will 
they limit their calculator activities to minimum 


curriculum requirements? 
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An inspection of the worksheets shows that 
Students had a tremendous amount of opportunity to do 
various kinds of problems and calculations. In general, 
students (with the exception of three) did not do 
worksheets outside of the in-class opportunities. 
Therefore many students did not complete many of the 
worksheets, especially those that were more challenging. 
Some worksheets, such as Problems I, were completed 
through class-instructor discussions but those that 
were not completed in class, were often left undone. The 
low-achieving students invariably did not complete 
worksheets. 

Among the worksheets were several questions 
involving some sequences for the calculation of 77. The 
concept of 7’ was discussed in class and some of the 
sequences evaluated to a specific point. Then students 
were left to try the others on their own. However, an 
inspection of the worksheets showed that students did 
not attempt these. In working these in class, only the 
high-achieving students could assist in class discussions 
to devise algorithms while the low-achieving students 
would attempt only basic calculations. 

Low-achieving students can use the calculator 
efficiently only for basic calculations. They can easily 
do questions involving the basic operations as seen in 
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done by all students (recall that the TI-30 calculator 
does follow the algebraic order of operations). However, 
it is interesting to note that in the follow-up when 
students were given basic calculations, some forgot that 
the calculator is correct in this respect and inserted 
parentheses where none were necessary, or altered the 


question by inserting parentheses. 


Research Questions Related to the General Use of the 


Calculator 


Q15--What are the necessary techniques for 


effective calculator use? 


It was observed that in the classroom most, but 
not all, students used the calculator by holding it in 
the left hand and operating the keys with the right, 
usually while holding pen or pencil in that hand. Only 
a few generally left the calculator on the desk and 
operated it in that way. The most common way for these 
students was to operate the calculator using the right 
hand. However a number of students used the left hand, 
a technique that had been suggested to them by the 
researcher early in the project. This seemed to be the 
more predominant technique in the personal interview. 
Although this was efficient in terms of hand movements 
and hence in terms of time, it was no more or less 


accurate than other methods. 
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One student, F-112, who was the most careless in 
terms of how the calculator was handled, almost always 
picked itvup;srested it .on the fingers ofboth hands and 
then manipulated the keys with the thumbs. During the 
in-class discussions this student tended to have incorrect 
results and often raised questions because of these. In 
addition this student, more often than anyone else, would 
recalculate because of the discovery of errors. It should 
be noted that her two-thumb technique may not be the cause 
of her errors of carelessness, since this technique has 
been mentioned as one possible way of handling a 
calculator effectively. 

It has been suggested that the use of the 
non-writing hand would be an efficient way of operating 
the calculator. Furthermore, the operation should be 
Similar to that of a typewriter -- certain fingers 
operating certain keys and the use of a touch system 
allowing the operator to observe the display or the 
working ‘materials. .,Some calculators (even ‘have ‘the: ©5.' 
key constructed differently making it discernible to 
the touch (a raised dot on it or having a slight concave 
construction). From the experience of this project it 
does not appear appropriate to make such operations 
mandatory for grade 8 students. Furthermore, calculators 
are not standardized and hence mastery of one would not 


be directly transferable to another. However, encouraging 
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the use of the non-writing hand for operating the 
calculator would be an advantage. 

Because of the uncertainty surrounding 
calculator manipulation, further research is needed 
to determine the best technique. 

The most efficient calculator users, those who 
got answers quickly and accurately, had developed in 
certain skills and techniques. However, not one student 
could be classified as being excellent in ability with 
the calculator. Yet all students were able to manipulate 
the keys successfully. The more proficient calculator 
users tended to check the display to see whether the 
number entered was the correct one. Whenever any doubt 
arose as to the accuracy of the result all students 
would recalculate for verification. It was typical of 
students to do all calculations on the calculator even 
though parts of a series of calculations could be done 
mentally very readily. For example in doing 16 X 7 + 3 
students would invariably enter all of these steps on 
the calculator. Sometimes the better ones would remark 
that they could just add 3 but meanwhile they would 
actually calculate it. 

| Uncertainty about their own recollection of 
arithmetic rules led to reliance on the calculator. 
Faced with 8746 + 100 the students resorted to the 


calculator since they were uncertain whether the decimal 
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should be moved right or left. Having done it on the 
calculator they would feel reassured that the rule they 
thought of holds and would often remark that, "Oh, yes! 
You justemove the» decimal two places’ to the left." Only 
the very high-achieving students would give such an 
answer directly and confidently without feeling the need 
for verification on the calculator. If the question was 
8746 + 100 + 753 then the students would automatically 
enter the whole thing into the calculator. The series 
of operations apparently cued them to rely on the 
calculator. Even something like 9 X 8 + 39 would likely 
evoke 9 X 8 + 39 =, except again in the case of the 
high-achieving students, who would enter 72 + 39 =. If 
the question was 9 X 8 + 30 = then the high-achieving 
students would most probably give 102 directly without 
resorting) fomithencalomlator: » Thea dow-achievying, students 
would calculate the whole thing. 

The students did not tend to estimate results or 
tend to be alert to the reasonableness of answers. In 
Checkpoint Number 6 (Appendix E) number ten posed the 
Situation of asstudent calculating: that: 1t would, cost him 
$31n025 toabuyijany85.¢) hamburger dailysfor a; full, year 
(365 days). The question was: What would you say to him 
itfthes told: yourthat?. | Nine: of sixteen: students, agreed 
that: $31 ‘025 > was) correct: after: they had. an opportunity to 


calculate. Of course they multiplied 365 xX 85 = and saw 
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the correct’ sequence of digits. ©The’ other students saw 
that something was wrong. Two students, F-1ll and M-124, 
both high-achievers in mathematics (of five placed in 
this category), were the only ones who immediately saw 
that thirty-one thousand dollars was unreasonable for 

365 days at less than one dollar per day. The other five 
who said this was wrong concluded this by doing the 
actual calculation and then noting that it was a decimal 
placement problem in stating the result as $31 025 
rather than $310.25. Surprisingly, one high-achieving 
student, M-113 (second to M-115 in mathematical ability), 
did this calculation and agreed that $31 025 was correct. 

If estimation ability and judgment of 
reasonableness of answers are considered to be 
characteristics of good calculator users then this is 
so for only the high-ability students. Even then it is 
not always true that such students are alert to this 
problem. In spite of the large amount of practice 
exercises students did on these learnings, the skill did 
not transfer readily to other related situations. 

Most problems in calculator application appeared 
to have a mathematical source -- conceptual, algorithmic, 
or hueristic. A common illustration of this is-the fact 
that students were reluctant and unlikely to analyze 
problems before resorting to calculation. It was 


assumed that such analysis would be characteristic of 
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etficientiicaiculator usensiinbinudobngemulti=step 
problems students would calculate at intermediate stages 
and use these figures in proceeding to the next stage. 

A typical example of a problem where students 
were anxious to calculate intermediate steps is 
illustrated by the last question on the "Powers" page 
(Appendix C). The last part of the question required 
thatia- total sof 1. 8447%0X 1042 kernels of wheat be 
evaluated at $90 per tonne (metric ton). The number 
of kernels had already been established from previous 


calculations. At both schools when it had been 


established that the number of kilograms was 


1.8447 x1 10-2 
147 000 


kernels make one kilogram), students were anxious to 


(Since it was known that about 147 000 


do this calculation before proceeding to the next step. 
trepotass sandsinstructor thencestablishedithat this 
quantity of kilograms would be divided by 1000 to 
convert to tonnes and finally the value would be found 


by multiplying by 90 »so the: final result was 


T8449 1022 
147 000 


situations that students would calculate intermediate 


=r OO OX -O0t= the Ee owaswin *such 


values rather than display on paper the complete 
sequence of calculations. 
The above example also illustrates another 


characteristic of good calculator users. This is the 


habit of writing out a sequence of calculations before 
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actually doing them. Students were reluctant to write 
any steps. The predominant pattern was to read the 
question and immediately calculate. The lack of a 
written record made checking more difficult. A written 
sequence made the analysis much easier to follow and 
generally led to fewer errors. The researcher always 
encouraged this and displayed the format when doing 
sample problems. However, this pattern did not become 
a regular habit of the students. Often the students were 
asked to supply the KSS first and then to do the 
calculations. 

The writing of the KSS was another characteristic 
of good calculator users. However, students would not 
normally do this. The availability of a machine 
apparently led to a disregard of previously-taught 
mathematics procedures. Since the machine was 
available that was the thing to do. Students suddenly 
attempted to use the machine to the exclusion of any 
other methods which would support the machine. When 
students were asked to give the KSS (and this was 
usually done for complex problems), they tended to be 
Weaku in this cability. “ithe high=abtiity vstudents “could 
Usually sdo. better at statinga, correct KSc.  )lowsachieving 
students would confuse the KSS with a statement of steps 
used in solving a problem. .Also they tended to 


indicate partial answers in the KSS. For example for 
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1 
1.8447 X 10 : 
emer Ue BETSY CBT =~ 1000 X 90 the KSS would probably be 
Deo4a)) bey to sey 000 = L000 X90 =". Student F-lic, 


who was not proficient in doing complex sequences, would 
14 


likely show 1.8447 EE}, 19 = 147 000 = 1.2549 x 10 > 1000 
X 90 =. This student would record the intermediate 


Pesult tT 2sdo eto 


From the data gathered here it is apparent that 
the following practices of good calculator usage are not 
developed in an incidental manner: 

--the habit of constantly glancing at the display 

--assessing reasonableness of answers 

--estimating approximate results 

--analyzing problems and displaying a full KSS 
Dror conta lGule tag 

--distinguishing between a KSS and the 


mathematical steps as well as the intermediate results. 


Q16--How well do calculator students use the 


Calculator? 


This question is intended to give a general 
overview of the ability of grade 8 students with 


calculators. 


Re a trivial point it. ts noted ‘Chat oii Scudenus 
learn very easily the general overall calculator operation. 
They easily learn the general pattern of key sequences for 


basic calculations. Questions such as 79 + 273, 
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S97°-"G420, 247" =, 943 are easily carried out by all 
Students. When chain calculations occur which require 
a direct feed-in students are able to do these without 
Berticultcys, \olcn an example is 2757+ 9 34h 60 °X) 376 = 
This is relatively easy for students because the 
calculator is programmed to compute with the correct 
order of operations. Such a computation as 
835 X (89 - 64 + 38) would also present no difficulties 
because the calculator contains the parentheses function 
and students would feed these in. The calculator would 
then give the correct result. When computations involve 
876 


complex fractions, for example 38 5 74 or a more 


C7 OE EGe ted? 
Rt ae ee ee eae 


students would likely get this right. The average and 


complex one such as only the nigh-ability 


low-ability students would most likely make an error in 


dividing numerator by denominator and get the result for 


S76 eXtd:6 wh) Fal 
38 


More details of how well students cope with 


+°74 X 9. 


various mathematical calculations are provided in 
previous questions (see Q4, 05, 96, Q7, Q10, Q13, and 
Q14) and in Chapter V (Case Studies). 

All students developed efficient techniques 
in*manipulation of the ‘calculator. “Most either operated 
it with the non-writing hand or alternated the writing 
hand. from calculator’ to paper (for recording results). 


One student used the two-thumb technique or alternated 
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this with the use of the writing hand, but she tended to 
make errors because of her carelessness. 

Generally students did not watch the display 
sufficiently. <This;,coupled with theirslack of usevof 
estimating skill and lack of skill in assessment of 
reasonableness of answers, contributed to further errors. 
The number of errors was usually dependent upon academic 
ability, the high-ability students making fewer errors 
of this nature than the students of lower ability. 

Students do not analyze problems. As a result 
they have a difficult time with problems needing several 
steps or with computations requiring several stages. 
Students of high ability have better success than students 
with low ability, probably because they can decide on the 
steps required and can retain these mentally. Students 
of low ability do not have this capability and so are not 
able to solve these problems. It appears that the 
thinking of students follows a pattern, for example, 
"I'll add these numbers and divide the result by this 
number [and they do this on the calculator]; now I must 
multiply this by the next number [entering this next step 
into the calculator] and that's my answer." If this 
analysis could be accomplished in written fashion by 
low-ability students, it is possible that their success 
rate would be greatly improved. 

Finally, students are reluctant to write a KSS 


for computations. This is: closely related to analyzing 
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a problem, for if the KSS could be stated correctly, it 
would mean that the problem had been properly analyzed 
and that the answer would be correct. The writing of 

the KSS would need to become a learned skill as part of 


the development in calculator usage. 


Research Questions Related to Student Attitude and 


Interest 


Ql17--How does the attitude of the calculator 


students change over the period of the project? 


The attitude of students was checked by a 
questionnaire (Opinion Check) given to students early in 
the project and then given at the end. The mean of the 
first check was 35 and that of the second was 34.0625. 
The standard deviation had ieee ead alirqnielye froma 3.1 
to 8.00. For the non-calculator users in the two 
classrooms (N = 34) the mean of the Opinion Check went 
£POMMoO.b2 to. 27.85, a daecrease of 2.77. The standard 
deviation changed trom+9.57 to 9.83. Therefore (the 
change was in the same direction for both groups although 
the mean change was a larger decrease for the 
non-calculator users. From this evidence it is clear 
that. the use of the calculator did not significantly 
alter student attitudes to mathematics. An inspection 
of the actual scores for the calculator students, Table 


II, indicates how slight the changes were for individual 
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students. The most dramatic changes were scored by 
P-[i4) oM=122,°M-123,. and’ M=-125. 

One major increase was for M-122. He seemed to 
increase in motivation throughout the project and this 
may account for the positive change. Another was for 
M-125, an average mathematical achiever, who responded 
positively throughout the project and seemed to get a 
great deal of satisfaction from his ability to answer 
mathematical questions using the calculator. 

The most spectacular change was a negative one 
Of 18 points=tor M-123.' This student had better than 
average ability. He was generally cooperative but not 
one who liked to work diligently at calculator operations. 
This student usually sat back and played aimlessly 
with a pencilpva pen, the ruler, the calculator), or 
whatever was handy) and waited for others to do the 
problems. When the researcher made it obvious that he 
was waiting for the student to do a calculation he would 
doe. “Aa Auparticulariy difficult problem was, posed 
this student's approach was spontaneous. That is, he 
took no time to consider the problem or to analyze for 
a possible approach. He simply blurted out one answer 
after another seemingly to attempt: to-hit thei correct 


one in that manner. 
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Pretest and Posttest Scores on Student Opinion Check 


Pretest Posttest 
Student Scores Scores 
F-111 26 24 
F-112 oT | ST 
M-113 38 a3 
F-114 Pe) EF 
M-115 37 4] 
F-116 38 35 
M-117 34 bs) 
M-118 Ee BZ 
F-119 47 45 
F-120 oF 35 
M-121 27) 26 
M-122 Be 42 
M-123 47 29 
M-124 45 43 
M-125 -28 37 


P-i26 39 44 
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There is no explanation for this student's 
dramatic negative change in attitude. Throughout the 
project there was no indication that he might be changing 
in his feelings about mathematics. His teacher reported 
no changes. The researcher noted that he seemed to 
respond the same way throughout the project. 

In summary, students' attitudes towards 
mathematics did not change throughout the calculator 
project. Only a few individual changes could be 
considered significant. It is not possible to determine 


the reasons for such changes. 


Q18--Will student interest in the use of the 
calculator be high? Will interest continue without 
further stimulation by the researcher at the conclusion 


of the project? 


The calculator is a most highly motivating device. 
Student interest was high at the beginning of the project. 
At both schools the researcher had a number of requests 
from other students asking whether they could get into 
the project; this was after the project had been in 
progress for about two weeks. Students do not view the 
calculator as simply a machine helping them because it 
removes the drudgery of calculation and thereby helps 
them tackle more difficult and more interesting problems. 


Ratherythey iview *it°as an end in. itself; ardevicesthat 
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does the work for them. Therefore interest is high in 
uSing such an aid. 

A student survey of the Calculator Students was 
conducted at the completion of six weeks of the twelve 
of the project. At this point seven of sixteen students 
stated that they regularly used the calculator for other 
subjects. The subjects were mainly Science but Social 
Studies was also mentioned. Nine students, including 
the five who said they used the calculator for other 
subjects, stated that they regularly took the 
calculator home. Three of the nine said they did this 
so: that the» calculator: would not be stolen.» Six said 
they used it for mathematics or other homework and two 
of the six said they used it for other things at home 
(games, school science project, other calculations-- 
unspecified). 

Students did not typically carry their calculators 
daily with their books as they went from class to class. 
Three said they did while thirteen said they did not. 
However, normally the students would pick up their 
calculators from their lockers just prior to mathematics 
Lessons. «slt is interesting to note that the best 
calculator user (and the best mathematics student), M-115 
of School A, replied that he often used the calculator in 
otherisubyects)} snormaikly ‘took iit yhome:andmused iit inva 
variety of situations. (projects), and generally carried 


the calculator with him to other classes. The best 
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calculator user for School B, M-124, had the same 
responses to the questions; that is, he used the 
Galculatorginwother)sub jects) snormally. took, it «home, and 
generally carried it with him to other classes throughout 
the school day. 

In the six weeks follow-up students were asked if 
they had used the calculator since the project had 
concluded. Fifteen replied that they had while one said 
he had not. The extent of use was not specified in the 
question but in verbal requests for clarification the 
students were told that if it was generally their practice 
to use it then they were to respond positively. When 
asked if they took the calculator to mathematics classes 


every day in the interim, seven responded positively. 


Ww W 


However, the qualifier "every day" led some to say "no 
to this question but then add that on occasion they did 
take them. All sixteen responded that from time to 

time they had used the calculator. Five said they used 
it in science but all mentioned mathematics in such 
topics as Rate, Ratio, Percent; exponents; general 
calculations; decimals; equations; and fractions. One 
student said she used it in a Business Education option 
for calculating percentages and in completing bank forms. 
Twelve of the sixteen students said they had used the 
calculator at home over the six weeks. The most common 


use was for doing homework (mathematics most often but 
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also science and business mathematics). One student, 
the one of highest ability, stated that he used it to 
calculate grocery lists and for calculations in an 
electronics project. 

The use in the interim may be thought of as low. 
However, if it is recalled that the teachers did not 
make a point of adjusting the curriculum nor of making 
any special efforts to acknowledge the presence of 
calculators nor to accommodate them in a special way, 
then it means that the interest of the students was 
well-maintained. Another good indication of the 
interest is the fact that twelve of the students 
purchased their calculators after the follow-up session, 
when they were given this opportunity at 50% of the cost. 
One calculator was lost (the student had intended to 
purchase it) and three others were returned to the 
researcher. One student purchased two calculators. Of 
the three returned, two said they already had calculators 
at home while the third said he would like to purchase it 


but was saving his money for the coming holidays. 
Research Question Related to the Curriculum 


Q19--Which topics of mathematics lend themselves 


to calculator application and which do not? 


During the project students were involved in two 


units, one on Rational Numbers and the other on Rate, 
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Ratio, and Percent. In the unit on Rational Numbers 
students also worked with integers. A unit test (see 
Grade 8 Mathematics, Appendix E) was given as a regular 
test in School B and students were not to use calculators. 
The researcher then gave the test at a later date to 
the Calculator Students at both schools. Both units 


involved a number of sections dealing with solving of 


equations such as 2.7x + 38 = 49.61. A consideration 
of the results on the Grade 8 Mathematics test, which 
was On integers, shows that such work is very easy on 
the calculator. The results are shown in Table III. 
This table gives the number of students making a given 
number of errors. The mean number of errors was 2.33. 
The table gives the results on only the first thirty 
questions, which are direct calculation questions. 
Questions 31 to 40 deal with solving of equations and 
with evaluation of expressions which require some 
additional skills. or knowledge. Of the total of 31 
errors made on 450 questions (30 items for each of 15 
students), eight of these errors were errors of gign. 
That is, the answer was numerically correct but had the 
incorrect sign. Student M-125, an average achiever, 
made cighnt errors but. four sign errors: Et) is surprising 
that the lowest achiever, F-120, had no errors while 
another student, F-114, an average achiever, had one 


error on the whole page (all 40 questions) and this was 
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Results on the Grade 8 Mathematics Test 


Number of Number of 
Errors Students 
) 4 
Nh 4 
2 We 
3 4 
5 a 
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a sign error. It is reasonable to conclude that direct 
questions of calculations involving integers are 
particularly applicable to calculator computation. 

In considering questions 31 to 40 of the test 
(solving of equations and evaluating expressions) the 
results show that these are not so easily done. Of the 
150 questions, 31 were done incorrectly while 14 were 
omitted fornia total:of 45. or 30% error. “However, 33 of 
the 45 errors (or about 75%) for these questions, were 
made by six of the fifteen students. The four 
highest-achieving students of the fifteen (the missing 
student was one of the top five) made only five of the 
45 errors. 

The most dramatic effect of using the 
calculator for this test was in the time used. The 
teacher allowed a forty-minute class period for the 
test. Most students used the full time. With the 
calculators the longest time used was 22 minutes with 
most time spent on the last ten questions. For the 
basic calculations most students would have been 
finished in about twelve minutes. In fact the fastest 
time for the 40-item full test was twelve minutes and 
several were finished in fifteen minutes and some in 
eighteen minutes. 

Therevis noydoubt: that: forscaiculattons 


involving integers the calculator makes a dramatic 
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difference not only in the time it takes to do such 
calculations but also in the degree of accuracy. If 
students were taught algorithms which would be of 
application to calculators for solving questions then 
the effects on such a test would be still greater. 

When students were confronted with calculations 
for regular fraction questions they had reasonably good 
success using the calculator to assist them with the 
steps required to obtain an answer in fraction form. 

Of course the calculator is much more useful when a 
7 14 


student, faced with something like 1955 = 1355 


permitted to obtain the answer in decimal form. As 


is 


indicated previously, Q8, students would prefer working 
in decimal notation rather. than in fraction form ee 
using the-caiculator: for fractional. computations. 
Students generally found the questions calling 
for calculations with powers extremely easy using the 
calculator. The calculator used for the project, the 
TiS) Bass ae key which raises a number, y, to the 
power, x. > For instance 2 yo U2 S545 sthe, RSS ewhech wa 
raise two to the twelfth power. However, it will not 
raise a negative number to any power; attempting such 
a calculation See a the \GLSOlays On er Or. 
Whenever the topic of power calculations was raised no 
difficulties were experienced in calculations. The 


troubles students encountered stemmed from their lack 
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of knowledge concerming powers. Questions such as ae 
presented some ditficulty in interpretations. Series 
Sich, aSiliote a. 4° e a> + ... + 27 also led to more 
errors, not only because of the level of difficulty, 

but also because of the number of separate steps required. 
In one problem students were required to calculate this 
series ton = 63. Only a few could successfully complete 
it simply because the 252 moves needed left too much 
opportunity for errors to be made. 

Generally students did not seem to find the 
calculator of great use in solving equations. One reason 
may be that a specific format was required and this 
coupled with the simplicity of the numbers involved did 
not present opportunities for using the See. 

Only the high-achieving students (the top five) who would 
take intermediate steps more easily could do equations 
quite readily. Even such simple questions as 

3n + 2 = 17 led to some difficulty for many students 
but the good students probably did these by recognizing 
that ceronr <li | wears necessary Eo. subtract. -Zvand then 
divide by 3. On the other hand if a student is required 
to go through a sequence as illustrated following, there 


is;noO point in uSing a calculator for such simple 


problems: 
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If students could be taught appropriate 
algorithms, solving of equations at this level would be 


quite a simple matter. 
Research Question Related to Parent Attitudes 


Q20--What are the attitudes of the parents of 


Calculator: users towards the use of calculators? 


At the end of the project the fifteen parents 
(two students in the project were from the same family) 
completed the Opinion Check for parents (see Appendix E). 
This was an attempt to get the opinion of parents about 
the use of calculators in grade 8 mathematics. No 
indication was given which parent completed the check 
or whether it was a joint effort. Table IV summarizes 
the results of this check. 

Twelve of the fifteen homes have calculators 
and in all twelve, students are allowed to use them. 
Five parents made comments about restrictions. One 
said, "To be used for checking mathematics calculations 


and notidoing actual questions." -~Another Said). S21 
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Results of Parental Opinion Check 


Question Number of Responses in Categories Shown 
Number 
Yes No Omitted 
i sige 3 
IZ £ 2 
sre 13 2 
Little .or No 


Hinder Improve No Effect Opinion 
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yy 3 6 3 1 Z 
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Heghiy! ‘pap? to *® NSE 
Dependent Slight Dependent 
Degree 
a 2 9 4 
Yes No 
8 10 3 Z 
9 4 3 
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Grade Grade Grade 
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believe they should not be used when it is for work they 
Snculrc etd Guse aiebieir *nead sl) Ath rdsaiaeot They tare thot 
to be used for math homework," while a fourth stated, 

"Not for doing homework where we have felt she should use 
her head." One parent simply replied, "None." 

Only two parents did not favor the use of 
calculators "To some extent in Junior High School." 
Although parents have calculators at home and students 
are allowed to use them, the parents are not so convinced 
that the use of calculators will be so helpful. Although 
nine parents said the use of calculators would improve 
the children's performance in basic computational skills, 
five felt their use would hinder this development and one 
felt it would have little or no effect. The division for 
number 5 is greater since six parents felt the overall 
performance in mathematics would improve, three said it 
would be hindered and three said it would have no effect; 
one had no opinion and two omitted this question. Eight 
parents felt the attitude of students would improve. Nine 
parents felt that students would be "dependent to a slight 
degree" on the calculator in performance of basic skills; 
two felt the dependence would be high and four felt they 
would not be dependent. 

In spite of a somewhat divided opinion on the 
effects of calculators on students' basic skills, general 


mathematics or attitudes, parents were more certain that 
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calculators should be permitted in the grade 8 classroom. 
Ten felt they should be, three said they should not’ and 
two had no opinion. However, parents are stronger in the 
opinion that they should not be used in all subjects; 
eight felt that way while four supported use in all 
subjects and three omitted this question. In the matter 
of using the calculator for tests, parents are not so 
clear. Nevertheless, it is perhaps surprising that 

seven favored their use, five said, "No" and three 
omitted this question. All fifteen parents agreed that 
the School Board should provide instruction to the 
students in the use of calculators and this should happen 
in grade 7 according to ten parents while three favored 
grade 8 and two suggested starting in grade 10 (Senior 
High: school): 

In summary it appears that parents ALeuwnet 
definite in their opinions about the use of calculators. 
They have calculators at home and allow students to use 
them and favor their use to some extent in Junior High 
School. On the other hand there is some suggestion that 
the use of calculators will hinder performance in basic 
computational skills or in mathematics. Certainly 
parents are of the opinion that the calculator will make 
students dependent at least to a slight degree on 
calculators. On the other hand parents favor the use of 


calculators in grade 8 but not for all subjects. They 
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alsorrtavor the’ use*of calculators” on tests. "They are 
unanimous in the opinion that instruction should be given 
in the use of the calculator. 

The Opinion Check invited parents to make any 
comments they wished about the use of calculators; six 
did so. The following are five of the comments: 


[f° a’ minicaiculator is going to be used in a 
school I think it should be limited to an extent. 
A student should make use of his own power to 
think and solve problems. I do believe in the use 
of them, however. I also believe a certain amount 
of instruction should be given where they haven't 
used a calculator before. 


As long as they have knowledge as to how mathematics 
works there should be no drawback in the use of 

the calculators, but it should not be used as a 
substitute. 


i'm jJust* concerned that the calculator: will. not 
force the student to use the times tables and thus 
they will.forget in time. 


I do not believe calculators are beneficial or 
necessary in grade eight, especially in math 
classes. 


I feel that in the elementary area of education, 
not enough emphasis is being placed on basic 
computational skills up’ to the junior high level. 
If this emphasis is not placed early in a child's 
education, I feel the child's brain will become 
lax if allowed to depend on agencies such as 
calculators. 


The sixth parental comment is lengthy. The parent 
stresses two points: (1) Arithmetic skills are 

necessary but this parent feels students are not yet 

well enough prepared in these before entering junior high 


school. One skill mentioned is the ability to estimate, 


amie 


vd 


y 


wv .J 
: 
é - 
‘ 
i 
i 
« é SAGA CT 
a Y ws 
y 
a od 
r as af me ref 
= ~4 
; s oven 
Jfih SS 8 
Tih. 
y SS Se 
ko + oe ay 
; _ 
Mas f 
" 
 - 
o ark! Ay 
‘ 


ea bi os 
; alt i 
‘ 
ul 
et é 
e," re & 
* 5 
~ ri 
‘ 
oF 1" 
4 
ES) 
oe 
4 ee 
« | ie 
Se wav ALT 
\ i 
od 
PS AAS 
i =e 


2 5 Jor al 


7 ae 


bie anno ;iatoqmon: 
bedheme aidd Zi" 


+4 oe ma 
neal ‘intog 9 oY * uoenaae 


1159 


in which students are poorly prepared. (2) Mental 
arithmetic is stressed but this parent feels not enough 
practice will be experienced when calculators are used. 
The variation in calculators also makes this parent 
wonder about how students can adjust. Finally this 
parent says: 

However our children are products of the computer 

age and should have an understanding of these tools. 


I tell our kids, however, that they have a splendid 
calculator always with them. It's called a brain. 


Research Questions Related to Further Changes in Students 


Q21--What changes occur in the calculator students' 


knowledge of mathematics concepts and in problem solving 


ability as measured by the Canadian Test of Basic Skills? 


The Canadian Test of Basic Skills (CTBS) contains 
two mathematical subtests, one which tests basic 
mathematical concepts and the other mathematical problem 
solving. A sample question from the former is 

92. What numeral should replace n in the number 


sentence z > oe 


Kk 
NI wily 
N 

Nyy 

19) 

Ney oe) 

> 

ke 

Nhu 


and a sample of the latter is 
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86. Connie bought 2 record albums at $3.95 each 
and 6 individual records at 89$ each. How much in all 
did Connie pay for records? 

Ue O53 4 Bon al eee 
Ze Ole TO 4, (Not given). 

The CTBS was given both as a pretest at the end 
of January and again as a posttest at the end of April. 
The results are shown in Table V. The data provided: for 
these tests give conversion of the raw scores to Grade 
Equivalents and if desired these can be converted to 
Percentile Ranks. The average GE (Grade Equivalent) for 
the concepts tests went from 93.5 to 98.19, an increase 
of 4.69 points. This increase is significant at the 5% 
level using a one-tailed t-test. You would expect that 
each student would add three points to his GE and for 
the concepts test an inspection of the scores shows the 
increases (and decreases) and where these occurred. The 
mean on the problem solving test went from 88.56 to 92.94, 
an increase of 4.38 points. This increase, however, was 
not significant at the 5% level. An inspection of the 
pre- and posttest scores shows a wider fluctuation. 
Although. there are many spectacular gains (13, 14, 15, 18, 
and 27 points), there are several decreases (two of 9 
points and three of 4 points). 

The posttest was done without the use of the 
Calculator. The average GE score of the Calculator 


Students rose more than the expected three points. 
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TABLE V 
Grade Equivalents for Calculator Students on 


Canadian Test of Basic Skills 


Mathematics Mathematics 
Concepts Problem Solving 
Students Pre> FOSt= Change Pre- Post= Change 
by Code test test test test 
F-Lil hide 106 -7 97 Od +4 
B12 Tal 79 +2 80 95 +15 
M-113 ao 108 -2 97 HAE +14 
F-114 94 103 +9 99 95 -4 
M-115 15.0 119 +9 88 95 +7 
F-116 85 94 +9 68 86 +18 
M=117 98 105 +7 rio! 50 + 13 
M-118 91 103 +12 95 86 -9 
B~LL9 92 96 +4 90 88 =2 
F-120 70 70 0 46 73 +27 
M-121 74 91 +17 rey © 99 -4 
M-122 96 98 +2 90 92 +2 
M-123 92 92 0 103 99 -4 
M-124 96 LOL +5 97 99 +2 
M-125 100 100 0 sie) 90 0 
F-126 98 106 +8 97 88 -9 


tn Grade Equivalent of 113 means that this 
student's score is the same as the average of students 
in the third month of the eleventh grade of the norming 
population. 
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However, there was no consistency when individual scores 


are considered. 


Q22--How did calculator students change in 
basic knowledge of computational facts (addition, 


Subtraction. miltiplication, division)? 


The students were given one-minute tests on the 
basic? facts oftaddition, subtraction, multiplication) 
and division (see Appendix E). These tests contained a 
large number of basic facts and the students were 
instructed to complete as many as they could in one minute. 
The number of items correct constituted the score. The 
Same tests were used at the beginning of the project and 
again at the end. Table VI gives the means both before 
and at the end of the vroject for the Calculator Students 


and for their classmates, the Non-calculator Students. 


TABLE VI 


Means on the Basic Facts Checks 


Calculator Non-calculator 
Students Students 
Ere Post beh af) Post 
Addition 42 LSID, 44.5375 40.1471 44.4706 
Subtraction SOs D2 8 oO on! 27.4706 EE Re ay 
Malet pti Cation..36./5 NOES BF ba Shoe ips he) 36.9024 
Division Bd aie oS S SA) He fap es 36:.6:/05 
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None of the differences between means is 
Significant at the 5% level between the Calculator and 
Non-calculator students (using a two-tailed t-test). An 
inspection of the means for the Calculator Students shows 
that: for *ali«four tests there is an increase from the 
DLO. che pos tapetlods.....This is also. toue.tor.tne 
Non-calculator Students. All except one of these 
differences, the multiplication check for non-calculator 
Students, are significant at the 5% level using a 
one-tailed t-test. 

The above indicates that at least for the three 
months duration of this project the calculator students 
progressed as well, and even slightly better, than the 
non-calculator students. Certainly they did not decrease 
in their ability in the recall of the basic facts’ of 


arithmetic. 


Q23--How did the calculator students change in 


knowledge of Rational Numbers? 


Both schools in this project used the consortium 
Materials prepared by provincial teachers and used in 
many schools in the province of Alberta. Rational 
Number test items based directly on this curriculum were 
prepared: (see Appendix E). . Two very similar tests were 
developed to be used as pre- and posttests. Students 
were given one class period, forty minutes, in which to 


write the tests. For the pretest no calculators were 
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used but in the posttest the calculator students were 
allowed”™to*use “calculators. Table VII“gives” the means 
for both groups of students for the Rational Numbers tests 


and for the Rate, Ratio, and Percent tests. 


TABLE VII 


Means on Rational Numbers Tests 


and on Rate, Ratio, and Percent Tests 


Gafculator Non-calculator 
Students Students 
Pre Post Pre Post 
Rational 
Numbers Dace h a ie Gi Lon aoa L7, 48529 
Rate, Ratio 
Percent 10** 205425 22059 2 Wael 1c 


*Maximum for pre- and posttest was 54 


**Maximum for pre- and posttest was 53 


In the Rational Numbers Pretest the difference 
between means of 17.75 (Calculator, Students) and) 15,2947 
(Non-calculator Students) was not significant at the 5% 
level. However, the corresponding posttest means were 
27.0625 and 17.8529 and the difference was significant 


at the 5% level. 
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te conclusion-is that the Calculator ‘Students 
did significantly better on the Rational Numbers Posttest 


than did the Non-calculator Students. 


Q24--How did the calculator students change in 


their knowledge of Rate, Ratio, and Percent? 


Since it was anticipated that students would be 
working on the unit on Rate, Ratio, and Percent, both 
classes were given a pretest on this unit. This test 
was based on the consortium materials just as was the 
Rational Numbers test. A similar test was constructed 
to be used as posttest. The means for this test are 
included in Table VII together with the information for 
the Rational Numbers Tests. The difference between the 
pretest means was not significant at the 5% level nor 
was the difference between the posttest means. Students 
were allowed to use the calculators on the posttest. 

The posttest value of the mean for the Calculator Students 
iss largerioy 5.) Colts but. this ditrerence 1s mot, enough 
to. be statistically significant. ' School A had completed 
the unit on Rate, Ratio, and Percent at the time of the 
testing,«but. School, B,had.not., .Table,.VIIT.shows, the 
means.of calculator and non-calculator groups: at. each 
school. The difference at School B is more pronounced 

and this contributed more to the combined means than did 


the smaller difference at School A. It appears that the 
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calculator students had a decided advantage at School B 


where the unit had not been completed. 
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TABLE ViITI 


Posttest Means on Rate, Ratio, Percent Test 


Calculator Non-calculator 
Students Students 
School. A S0t 75 PGS OMS 
School B OMe ete TRSMA Ten a) oy 
Schools 
Combined Boe 125 2354228 


Research Questions Added During the Project 


Q25--What general mathematical knowledge or 


skills appear important in calculator applications? 


Based on experience with both calculator groups 
for a total or siirgnciy less than tChirty-sax Class periods 
for each class, a number of observations were made which 
deal with the mathematical behavior of the students but 
which are not necessarily calculator-oriented behaviors. 


Several of these observations are given in order that 
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they may assist others in pinpointing trouble spots in 
grade 8 mathematics. 

One general area of concern relates to division. 
Many students (and not always the low-achievers) 
experienced much confusion in handling the division 


Sign (+) as it relates to a fraction, and in 


B 
pe 
verbalizing as to whether one says "A divided by B", 
te dayidedeoy wean "B divides into.A", "B goes into A", 
and other possible interpretations. Although this 
occurred many times in class, it was also observed in 
personal interviews. For example when faced with the 
problem of converting z to a decimal a student wrote 
S'= 7 with the explanation that ;wiitmidiviiding 8 inte 
7." Perhaps a standard format for A + B should be 
adopted such as "A divided by B" and this same form 
should be applied to B/EA | The following excerpts 
will illustrate the difficulties encountered: 

Excerpt 6 (M-117): 

[In this question the student is required to 
change aa = 357 ie that vis, “3 = 355 Ps] 

Semeyou divider23 and 322 {Entered 23 +322.) 

R: Push the = key and look at the answer. 

[Student did so.] 
What did you divide? 
Sete Sodi videdsesi22 


R:. Divided what--into or by? 
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Ra fess. 750, “do “you ‘want "to divide “23 eby 7322? 


Note the uncertainty as to the order (student 
Birst-enteresd 2376322) and ‘then the ‘lack of preciseness 
in the language to be used in stating the division. The 
following excerpt further illustrates the lack of clarity 
in the words used: 

Excerpt-7 (M-118): 

[The student was considering the possibility of 
reducing 5545 zl 

R: Are you finished? 

Se; Doryou want) 1t*in “lowest "terns? 


Rs Yes. 


Ste i face porn rang co, 22) "goes Winwcwi ce Dy ali, 


22 


In connection with the same situation, 557533 P 


the following occurred with another student: 

Bxcerpt 8 (F-119) 

R*"Now-is that in’ Lts *simplest form? 

S2= Welt ct mignt go into tly [(peointrng to, 133), 
I'm not sure. 

The word "divides" is not used in its proper 
meaning where "A divides B" means that B = AX + 0 and X 


is an integer. Students use "go" for this meaning. The 


next excerpt for the same student points this out: 
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Excerpt 9 (F-119): 

Rowerx Ole Sand /divide-133,intou2d  dbnted3s 2412 
was required]. 

Sag Glide iDidel33 + 11.=) slwaNoyeitydoesnit go 
[meaning that 11 does not divide 133]. 

Rew SO? 

S: So that's the answer [meaning we is in 
lowest terms]. 

R: Why? 

Si uaWeis, sa fi 2-doesn)t goyinteovanythingualt<, 
Wel» see cHoOeShet.agoO into anything thatihas an3 atthe 
end. 

Another somewhat related area since it refers to 
language is in verbal statements about multiplication. 
Students often said they were "timesing" for 
multiplicative situations. In both schools this language 
was used. One teacher used that term often in talking 
about multiplication. The term would also appear in 
such instances as, "you times by 12", when the meaning 
is that thevnumber is to. .be-multipliediby 12. 

Excerpt 10 (M-118): 

Rewagit) SAV. Sie akiodah 4 

S: Well, you times it first and then add. 


R: When you feed 4 + 6 X 3 = into the calculator, 


what does ithe.calculator .do..first? 
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S: Timeses it. 

Students should be given better guidance in the 
proper language of division, multiplication, subtraction 
and perhaps even addition. Should we say "18 minus 6" 
tomy Shale Ore “18 asubtract.<62,0ori"6 from: i852heThe 
language is not the prime target but rather the 
uncertainty of the meaning. Perhaps a more standardized 
form of language would help in establishing the meaning. 

In another category it was noted that students 
have poor understanding of the equality or inequality 
of certain quantities. For instance they are not certain 
whether A + : is the same as A +B-C, = - a 
Ssea saber Guor aseA = '(B XC), whether A\-" (Bi+ C) dis ‘the 


is the same 


Same as #Bt+7C), = Avor’as A\=8B —)CLcfhin fact the 


ele 


equality of Se and A +B C really surprised 


By a 
students; it seems that they could not grasp the sudden 
disappearance of a multiplicative situation to be 
replaced by a division process. 

Students generally had a reluctance to carefully 
analyze problems. It seemed more typical of the students 
to rush in and begin some kind of calculations. One 
question posed to the students by the researcher asked 
them to give the number which would represent the side 
of a square whose area was 1000 km*. Even though 
students were cautioned that this is not as simple as 


at first it» appears (the usual first response was 100) 
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and even though the researcher told them that it is not 
a whole number, students had a hard time grasping the 
Square root application. They had demonstrated earlier 
that they knew the basic meaning of square root but 

they could not analyze this easily. One student, M-123, 
who had the potential of being good with the calculator, 
never spent any time analyzing and often shouted out one 
answer after another or one suggestion after another as 
to what should be done to arrive at a solution. 

Excerpt:.11: 

R: If I have a patch of land that is square and 
contains 1000 em can you tell me how long and how wide 
that patch must be? 

Metaweb mya ons. 2 LOO by. 1000 

R: I want to know how long and how wide it 
must be so that the area is 1000. 

Madi Doi 25 

[Students were asked to do this on the calculator 
and write the answer. As the researcher went around he 
obese rvedsanswers Of025, 250,710.25; 41-000 .000 500, nand 
4000.] 

[Many guesses were made and students seemed 
disappointed that they were wrong, yet noone thought of 
checking and deciding in that way if they were right or 
NOt. 
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[M-123 kept insisting on 100 because he said 
100° xX 2L00n= 1000". } 

M-T223) iis: ttcin sthe 100,:category? 

R: You should know it when you get it because 
you can always check. It's not a whole number; that's a 


hairy. 


Row, NOPI28s Poenotatnvel ved inp watesale: 3 

M- B24: |. £33433 03332 ve(Hewhad :divideddb000 “byes. | 

[Finally M-124 got the answer and when the 
researcher asked him how many keys he had to punch after 
entering 1000 and his answer was one, a number of 
students then seemed to hit on the correct answer. ] 

[The answer was then provided for all those who were 
not able “to get it, including M-123.] 

M-123: Oh, I had that before but I erased 
[cleared] it. 

Although M-123 was the prime example of a student 
who rushed into questions with little or no analyses, 
many other students behaved similarly. There was a 
definite reluctance to establish a step-by-step pattern. 
See the next excerpt for a further illustration of 


attempts at analysis as carried out in the classroom. 
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Excerpt, 12: 

[Students were presented with a problem similar 
to the Tower of Hanoi problem but having six discs.] 

R: If I had one of these [towers] with 6 discs 
on it and then had two other empty pegs [towers], how 
many moves would it take to move all 6 from one peg to 
some other one? Remember, the rule is that a larger 
disc can not go on top of a smaller one. 

M=12 33°76 

[As a class the problem was done moving three of 
Six discs and it was observed by all that seven moves 
were needed. | 

M-i23: . SO 1t'11l ‘take 14 to move the rest. 

R: But you're making a rather hasty decision. 

M-121: You have to move all of them round again 
and it won't work. 

MeL2o:.. That? s, true. 

R: How could you attack this problem and develop 
some kind of system? [No reply.] What's a good 
suggestion, something you could do whenever you are faced 
with a tough problem? 

M-123: Get an easier problem. 

R: Right. What would be an easier problem? 

M-123: Just do three of them? 

R: What would be easier yet? 


M-124: One ring. 
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RiunSoed .(ourromiherésga\ chartléor/ ay 2haspise., 
discs was developed to obtain a pattern.] 

Related to the behavior of poor analysis was 
another characteristic which inhibited good mathematical 
behavior. This was the reluctance to write any 
intermediate steps, partial answers, a KSS, or perhaps 
a summary of the steps needed to solve a problem. The 
researcher attempted to set examples by blackboard work 
and by discussion but it is a habit of long standing and 
does not lend itself to such a quick change. 

Related to the reluctance for analysis was a 
reluctance to state the computational steps for a whole 
problem before actually doing the computation. This was 
described under Q15 as an aspect of good calculator 
users. 

Not only were students hesitant (or unable) to 
produce written steps needed in solving problems but 
their ability to verbalize a solution is very limited. 
The high-achieving students could explain quite well 
what was needed to solve a problem but in general this 
was cadvery -limiting;lackvof«ability.  .Mostestudents 
replied in one or two words or in simple phrases or 
sentences. The researcher would need to question further 
and lead the group to the next stage. See Appendix J, 
Excerpt 6, for an illustration of a class discussion that 


shows the simple answers and the step-by-step discussion. 
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Students typically display a lack of checking 
work. Many of the errors made would be eliminated 
through checking. In the Grade 8 Mathematics Test on 
integers, for instance, students would do -6 +n - -3 
and get n= 9. A quick check would eliminate such an 
error. Even though this has been a universal complaint 
of teachers, the presence of calculators should provide 
teachers a good motivational device which would stimulate 
checking. Although the example illustrated would not 
require a calculator for solving the equation nor for 
checking, for more complex equations it would be 
extremely useful. 

At times students appeared to lack necessary 
mathematical knowledge for efficient calculator use. 

For example, in checking for factors of 257 students 
Otte eet ve MS Oe SN Og. 7p) a dusyeleey, (LLOt realizing that 
composites of previously tried numbers need not be tried. 
Similarly, they could not accept 257 as the largest 
necessary test number. Perhaps some of these concepts 
are too sophisticated for grade 8 students, but they are 
in the curriculum and are taught at this level (as well 
as in grade 7). Wide discussion with student 
verbalization should be employed to strengthen their 


understanding of such mathematics. 
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Q26--What might a teacher do to incorporate 


calculators into regular classroom mathematical lessons? 


From observations made it is obvious that some 
activities are taking place which bring calculators into 
the classroom. School A has a classroom set of simple 
four-function calculators and these have been used by 
some teachers. The use is in separate calculator lessons 
where the activities are designed to use the calculator 
in order to develop certain skills in junior high school 
students. These activities are typical of many 
Suggestions for calculator use found extensively in the 
literature (see Appendix F for sample questions posed). 
These lessons were usually separate ones at the end of 
Ne, Lormal curriculum for that grade. Howevex,) from 
this project it is possible ee make a number of 
suggestions which teachers should find helpful. 

Teachers should become familiar with calculators 
so that they could appreciate their potential as well as 
understand their limitations. Teachers should encourage 
students to purchase calculators and should give them 
guidance in their geléction. This is important since the 
market is being flooded with many kinds of calculators, 
many of them poor purchases in terms of cost for the 
functions available. The light-emitting diode (as 
opposed to the liquid type) with a rechargeable battery 


pack is still probably the most economical and the most 
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versatile. For under $30 a student can obtain a good, 
scientific calculator that would serve a student 
throughout post-secondary education. 

Students should be given problems with the 
calculator in, mind.» For. instance, .problems. that) deal 
with room dimensions could be based on actual measurements 
of rooms taken by the students. "Easy" numbers are not 
necessary as the calculator work is not much more 
difficult when numbers are more complex. Calculators 
should be incorporated into the regular mathematics 
lessons. Many problems and assignments would need to be 
adjusted so that they become suitable for calculator 
application. Instruction in calculators would need to 
be given and special calculator lessons would need to be 
planned. 

Students should be allowed to do more common 
fraction computation in decimal form. However, teachers 
will probably insist that students know the pencil and 
paper algorithms so questions with "nice" fractions, such 
as 8% - 25 Will. form) part of the core. However, 
calculator students should be instructed that the 
algorithm couldybe Se+ d.+ 2.542 te2 93am efatydeast 
ona TI-30. calculator)... They should be. required: to 
round off answers to some reasonable point such as to 
the nearest hundredth. Perhaps this would mean that 
the algebraic study of rational numbers would be postponed 


until students do a more formal study of algebra in later 
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grades. This seems reasonable since they do not do 
this under present circumstances in grade 8. 

Teachers must recognize (and accept) that 
calculators make trivial such computations as 
O00 L 27s 0.0122 The objectives of work. inthis area 
could be altered. © For ‘example, “in questions like this 
students might be required to estimate the result or to 
State where, the answer will ‘fall ‘by ‘giving limits ‘such 
AS eis sone 14,0, Foes Halas 1:0); 

More time must be spent on analysis of Secbilems 
but fewer problems must be posed and assigned. A complete 


analysis should precede any calculations. 


(eM ee OS BS 
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The discussion might center around the meaning 


Examples: GL) Ge Calkculate 


of the exercise, the order in which one might compute, 
how this would be keyed into the calculator (with a 
written KSS), and how the calculator will execute the 
steps to arrive at the solution. Perhaps most important, 
the students should suggest estimations before they 
calculate. 

(2) An: automobile trip consists: of sections 
Of 85 00Kkm, osc km,.747, km, and 873 km." (Find) the. total 
eost of gasoline at 83.9¢ per gallon for this, trip is 
the car averages 33 km/gal. 

Students should be encouraged to set up the 


solution as §50 + op eee * 88.9. =‘and then 
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execute this with the following KSS: 
BoUet 638 Wali 878 = + 335% 83.9 =". ‘The’ result would 
then be recorded as $79.15. If the separate total 
number of kilometres is required this could be noted 
and recorded when the first "=" sign is pressed. 
Similarly if the number of gallons is called for, this 
could be noted when the "X" sign is pressed. 

The discussion for this problem could centre 
around the difference between uSing 83.9 and 0.839 in 
the calculation and perhaps why $79.15 is reported in 


view of the actual result obtained (7914.5667). 
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CHAPTER V 
ies CASE 1S TUDLES 


In the previous chapter some of the answers to the 
research questions provide information on the thought 
processes occurring as the students attempt solutions to 
problems. However, in order to illustrate more clearly 
and in greater detail the ability of the students in the 
“use, Ofrucalculalors. and £O provide further insight into 
thought processes, the performance of three students will 
be described. The first is a student high in mathematics 
performance and in calculator usage, the second is average 
in these two characteristics, while the third is low. 

Each case study concludes with a summary of the strengths 
and weaknesses of that student in his ability with the 


Calcurator. 


Case .otudy. Number One: M-115 


This student is a male whose age was 13-3 at the 
Start or the projects, riiis 10. 1s recordedlas 135 Verbal 
and 123 Non-verbal on the Canadian Lorge Thorndike Test. 
His year-end grade 7 mathematics grade reported in the 
permanent file:is 70 percent. This student is a pleasant, 


friendly person, able to articulate his position clearly. 
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He was obviously keen in his work with the calculator. 
From comments he made, he was interested in many different 
projects including a science one on which he was currently 
working. He disclosed that they had several calculators 
at home and that he had used one before; he did purchase 
the calculator used in the project when the opportunity 
Was presented at the conclusion of the’ project. 

Although he was interested in all types of unusual 
questions presented in class, he did not do much homework 
in order to complete worksheets. However, except for the 
last worksheets dealing with the calculations of 7T, he 
was able to complete them in class with some homework. 

In using the calculator, this student's normal 
mode of operation was to use his left hand for operating 
the calculator keeping the right hand free for recording 
results. However, for some questions (like Tate he 
Checkpoint Number 6) he would switch to operating the 
calculator using both index fingers. 

In working mathematics questions, this student 
applied his own strategies. This was obvious when his 
group was working on integers. When doing 42 + "3674, 3 
Using ay calculator, ne did 36 + 8) -"42"=" and stacedc? thar 
he did it like that knowing that the answer would be 
negative and he would then insert the appropriate sign. 

Excerpt 13° (M-115).: 

S: I did 36 + 8 = and then minus 42. 


R: How do you Know that’s right? 
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S: Because 36 and 8 are both negative so you add 
them together and that's a negative number and then it's 
bigger than 42 so you subtract and call it a negative 
number. 

Re Sin numbér 21) [ 316 - 119 = ] you did 316-119. 

S: So it's a negative. 

R: What if it had been + 119, what would you 
have done? 

S: I would subtract the two numbers. 

Ram Youewouldesubtract? 

S: Well, if it was 316 + 119 then I'd add them 
and just take the negative sign. 

This student was not using the +/- key (for. 
changing the sign of the display) in the way that would 
be obvious. For 316 - 119 the KSS would normally be 
Sloe tree DEO / i= but ethvsestudent*enplovyedtstrategies 
which he had previously learned, and app bies these to 
his calculator strategies. 

This student analyzed problems well. In the 
fifth week of the project his group was given the 
following to calculate: ae =. Several 
efficient key sequences could be employed to solve this. 
Student M-115 did as follows: 

For this point in the project it was a very good sequence. 
Ttis*not the most efficient in terms of key strokes 


since the use of parentheses would be shorter, but 
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nevertheless it was a good sequence. 

This student was aware of certain requirements 
necessary in order to use the TI-30 calculator correctly. 
For instance pressing the "=" sign key completes all 
Calculations: CO that point. . This is a very. important 
point and must be recognized in complex calculations. In 
Pens ngekie COs Ol Lencing a. city) lot 63.5 m.by-LS.6 m 
at $13.95 per metre this student used the KSS 
Desi eet iow Ss) 2 eek 13.95 ='-,. He knew that ino 
parentheses were necessary and that the first equals sign 
would complete the calculations and give him the 
perimeter. 

In simple calculations this student did questions 
Menrawiy. -ouest1 ons. such ‘as 9X) 8) (18 +> 7, 424404 100, 
8746 + 100, and 2 476 345 X 1000 were done without using 
the calculator, In questions. such as 768+ 768 + 768 +768 
he was quick to spot that one would do it as 768 X 4 =, 

He understood the function of parentheses. One 
question he was asked to do was (86 X 86 + 47) X 25 +17 = 
which he did as 86 x° +47 =X 25+17=. 

Excerpt 14 (M-115): 

Rs Good: |. Now, if you forget) the Drackets cand 
just did the question as shown (but left out brackets) 
would you get the same answer? 

S: No, because it would go 47 X 25 and then add 


the two together [showing 86 X 86 and 47 X 25]. 
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Of course in basic calculations this student had 


no difficulties. Questions such as 7300 x (Ada: Toit 


finding powers, expressing fractions such as <3 as 


s 


decimals or as percents, were all done in a 


straight-forward manner. In the ninth week he did 


ee own: ieee. 
oo aa os he See 
B50) ORK EC SPOSIRS SHH 440X% 417 + 5t 8) a= 264, =SEXCesek xc: 


and when asked to do the question another way did 
UOSR Xe i) e933 24 4 Xe (27 ee 348) -W234) begin Thetséecond 
way was just slightly more efficient than the first, 
and even the second could have been simplified as well. 
tutdoingeicwotguestiLonsy V5i+ SS ipoett-— wie. xog = 
ANGELS tS 3B me Xinere rhe KV. =t, this student calculated 
correctly and efficiently and was able to explain why ° 
the answers would be different. 
During the interview prior to Checkpoint Number 
6 a number of questions were asked about the operation 
of the calculator. He easily identified the function of 
the aa key, the {x key, the “ key and the y* key. He 
was able to explain how to set the calculator so that 
16 could be subtracted from other numbers without the 
necessity of feeding 16 every time (making 16 a constant 
of subtraction). He made several attempts at this before 
he got it right but it was his own solution. 
In doing Checkpoint Number 6, this student 


demonstrated clearly his ability in the use of the 


rat 
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calculator and in applying it efficiently in mathematical 
Situations. It also points out some of his weak spots. 


1. He had no trouble establishing the sequence: 


WRIT. ay C998, 61682; ; , Jictesdid 
747 - 723.4 = - K 747 = and this sequence correctly 


establishes the difference of the first two numbers, 
23.6, as the’ constant of subtraction.) <By then feeding 
in 747 = after K and then following the last "=" sign 


with more "=" signs, the calculator will begin with 747 
and in turn subtract 23.6 for as many times as one 
pushes "=". The one inefficiency in this sequence and 


in the next one demonstrated by this student was the 


failure to use memory, STO, to save 747. Had he done 


747 STO - 723.4. = - K RCL = , he would not have needed to 
reenter 747. The second one had more complex numbers 


and there the use of STO would be a significant saving. 
However, the researcher considers the use of memory in 
this way a sophistication that would take constant use 
of! a’ calculator in a wide variety of situations Over a 
period of at least a school year. 

2. In questiens3.caliwhen required to divide 
13.5-biliiontkm. by)3002000tkm/sithisistudent conurecrly 
used 133.50 RE)> 9 + 300° 0000 =s.s "0 However, he. did. what 
almost all students did in this question and that is 


state an incorrect unit (km/s instead of s). 


It would have been most efficient to realize that 
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13.5 + 3 = 4.5 and then adjust the location of the decimal 
by noting that one billion is to be divided by one 
hundred thousand leaving ten thousand and so the result 
would be 45 000 s. However, this student did not attempt 
this or even comment on the possibility. No student 


realized that this was a method of attack. 


3h in'-doing 1858 = 55 and then using this result 
to change to a new denominator, 34 ao this student 
easily did 18° X 23'+ 16 = [430]. and then 
322 + 23 = X 430 =. The one inefficiency was that he 


cleared 430 from the calculator and so had to reenter 


it but again this requires a high degree of ability in 


the use of te Galeulatore?-In deing’322 4-925 =Fx430 = 
he knew (when asked) that the first "=" is not 
necessary. 

4> "In reducing rs question number 5, this 


student showed some difficulty with prime numbers and 
reducing fractions. However, he recovered quickly under 
guidance. 

Excerpt @L5.-(M=11)5)*: 

Re So-ean = be reduced? 

6. Well P®Oedoesn *e igo "inte 22 °and "2 rdcesn t= ‘go 
into 133 ‘since it's ‘not “an even number. © "4 0% osF: no, 
because pres). 
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R: So? 


os: Wewchecked: 2. and 11. 


Kis saeoo ec, 
5S; I guess you can't reduce them. 
5. In question number 6, 242 X 3655 , to be 


answered in common fraction form, this student began by 
wanting to multiply 27 by 36. In discussion we reached 
the conclusion that this question does not parallei 
addition where it would be possible to use such an 
approach. 

Also in this question at one point (when he had 
“2+ x 2 ) he wanted to multiply 7 by 15 with the 


intention, he said, of finding the common denominator. 


However, he caught himself and said he didn't need it. 
7 10 


Gil raoLnd-mumber:. 7; 185 = l2s7 he did 
toe 9+ 18 os= — (102,11 + 12) =... After 11 -he: wanted 
to put an "=" sign (something he didn't want to do after 


the 9), but the researcher stopped him. The student 
himself: then realized that if he did that, all operations 
to that point would be completed. 

72) has student) did) questions 3,49), and) t0,wrtn 
no trouble. He seems to experience, however, some 
qitficurty with basic facts; this.will be explored Jater, 
in question: 10 a value of $31 025. was given as the, cose 
Ge onevnamburger at 65¢ a day, for.one year 1Of So>=\.days. 


This is numerically correct but the actual cost should 
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be 5310.25. 

Excerpt. 16 (M=115): 

Br a ninxingealoud.) «S85¢.. 36 50dave...[pausel.., 
tLietes Lg. a NO, it isn't... hold on-tdidi365 %.85 on 
his) calculator]. No, that's. wrong. 

R: Why? 

es .dt'’s only 310. dollars and a quarter. 

Riot Right. 

Seariludt sos: {pointing to his display) a. >thousand 
ang 23 Cen.us. 

8. In ll. b) where students were asked to 
Carculate- the answer for.49 -+' 85.X [.. 14=3703.5). this 
student began by 703.5 - 49 + and then: 

Excerpt: 1/\.(Me=L15):s 

S imlhold on, don't wantidivision:ihe,1s icorrect 
Since he must evaluate 703.5 - 49]. 

R: Well, you can always divide by something and 
not change the answer. [Student then did 1 = following 
what he had already done, 703.5 =]. 

S: Now I can go to the division. 

The researcher noted that he was the first 
student (of ten interviewed to this point, and as it 
turned out, the only one of the sixteen) to be able to 
solve this question. It appears that students typically 
didinot see this as an equation. It also shows that this 


student solves an equation by a format which seems to be 
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In question 9 involving estimation this student 
displayed some good mathematical thinking. Students 
were required to estimate 67.73 X 38.5. 

Excerpt 18 (M-115): 

[After establishing that it is about 70 X 40 or 
about 2800. ] 

S: 2800....well actually I'd say 2700 because 
they're both a bit high. [He was the only student who 
had even suggested this approach in estimating. ] 

Om) ny COLNG a ot 5 + s ~ z + é + - ~ = = 
this student was going to do each fraction mentally and 
Bogle 0.5, tT) 0.50, we... DUt the researchervsugqgested 
Cidtechlos migiwe be dLEticult wnen you get. to fractions 
that are not obvious nor easy. He then did 
Dele es rl os one a and sO. fOrth’ to the end of the 


series. When questioned about the reason for the "= 


signs he said that he just liked to see the intermediate 


results. However, the researcher told him that pressing 


tie next. + sign Naswane udentical effect. When the 
student got to 1 + 4 + the researcher asked if there 
was another way (perhaps an easier one) by which he 
could continue. 

Excerpt -19..(M-115)": 


S: Just do them in my head. 
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KR: NO, there’s-a way of using the calculator: 
we reviewed that Garlier today. =(No reply.) Well, 
finish the question as you were doing and write your 
answer. [He did.] Now start again and enter Le NOW, 
wat Can vyouccO (to get lover 2.. [No reply so 
instructor pressed 2= oat 

plan WILY: ee want to.do that? 

R: Because that key does exactly that. Whatever 
you have in the-calculator it will do 1 over that number. 

Sor cet: See ont, [He then finished the 
question in this way. ] 

10. The last question of Checkpoint Number 6 
called foe calculation of 64 + 198 X 32 - 8344 + 56 = 
This student ran into some problems because he wanted to 
apply his rules for integers and do the addition first. 
All other students proceeded to enter the question 
exactly as shown and of course with a calculator 
programmed to be algebraically correct this is a 
straight-forward question. 

Excerpt 20 (M-115): 

[Student began with 64 - 198.] 

R: But that will be negative. 


S: Isn't 64 - 198 the same thing as the other 
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R: Besides, don't you want to multiply these 
[198 X 32]? [No reply. ]. i The calculator will multiply 
first if you enter numbers in the order shown. 

SE | Les 

R: But you don't want 64 minus that number 
[198 X 32]. [Researcher wrote 64 - 198 X 32.] 
¥ou don’ 2 wanes to. do! this, do*you? 

S: It's the same thing, though. {Further 
discussion clarified this concept. ] 

A general observation about this student is that 
although he usually displayed good calculator usage and 
excellent knowledge of mathematics, he had trouble with 
some basic mathematical facts. 

excerptt 2le (M=LL5)% 

S: Because it would go 6 X 3 X 3 and then add 4 
and then add the other 4. 

Re What, would: it! give»you, then? 

or Sabhat is) Lek Sy that's? 3020) Re ul etsy 
50 some, 54. 

Bexceror 22° (i145): 

[After completing 182 = 1232 and getting 
DS. Boise Gee o le 

Reve Could that be. correct? 


Se) ecanuse, Ussminusrigitis. 2. uh 2.2.4 fiong 


pause] 6. 


1521 


ia eo Coe 
N 2 ds \ , 
: rr) Ava’ i 
4, PLL 
i “* 


a 
Ld 
rs 7 7 ite IS lek 2 
seeds wiggt Lom, oe, 
€ 7 ie 5 ed Vdhs 
4 a gen 
- eid oak 
‘foajistom- Liaw (ovelin 
es oie J ® 
swath. 3838 
i 
4 r 
if é 
sadanin Seany eUF 
Pye 7 
fs on | 
> fb 8 ¥ 
bi Se ee Ae 
~ 
7 — : co : 
yee fi! ae i f : 
ie es ati pee fh 
l IQ SOEGD eat. « A Be the nme al BP te Sl 
7 Tee a F Bas 
ee ote ?, wT, att & lei © i ore ey rte 
¥ass ei stnebote ets 2a anoles hia Lauer 
7 1 *% : “ty Me : j 
ua ; 7 
P a) ¥ a ts T 
é a 7 Lis xe boon B byetaeih {~< te 
7. 
p Oe i ot = Ps m 
‘ iu 3 Ovo > foi “4k 2 Sepeeen.c Rots a as ee 
Zaye i i Zi H ‘ 
i > a we ieve Pe poe ilettint- 28 rey. 
a eee SSf «S317 E990l en 
ie #i . ey aa 
i yi rl _* ' 
i : Mal (Cc ~~ 7 i s * s* 
p v uu 
1s Oy ae A 1G ‘ & et Bivow Ji SRLSVOs 
a f ofa Pius S db, - 4 ‘ - ah > 
: a | te iy 
¢ 
' ¢ ' 5 
: — p- : 
i‘ Ss _ . : h i » D ‘per: ) Oli 
ve \ 4 e @ ¥ - 
1 : 
‘ i ‘ " A 
ft aa E 1) avd ips Hirow JER 
7 ql 2 fee : = ig ls Pre h -_ 1 sah 
< ta “ue om Ub iP mee) ot Ye t 
US ie iy e" / ‘ 4 & Had 
7 oo 4 - 2 X% y 4 4 ; 
¥ iu 7 tO j 
1 { ' 
v7 Fi aS ak 
| ‘a 73 7} 
B F 
ii - J , 
o b&b ot Saiz olan 55 + 
ete ae | 
2 i : 
j 5 Dy f i 
: - 7 he ' « 


+ x re 
J 


‘Z i 
ed sad) bined / 
ei Kl 


7 s 

ie 0 a 

his Ls “si ; ; _ 

ee 

7 Oe COME oe ee ° See tenes 

{a yy Se 
\ : : >! Dw th are is af mal no 


me 7 
f } ia af 


° 


U _ - P A - 
onol i) that r 


i Ras 


Excerpt 23 (M-115): 

Sette. S about..3500 % 

Re TNOpe Levisn’ ts --what*arevvyousdormeg? 

oe 70K 40. 

Re soo: Seaton ye 35, 

See Waly TOTS 

R: What is 7 times 4? 

Stereo cor rf ewaSy thinking of |) times. 5: 

Excerpt 24 (M-115): 

[Discussion on addition or subtraction of 
integers]. | 

Rae Ss en oe  CNeS ame: ase), (=> 172 

4h ies 


Ree~What’ts° -5°+-97? 


Stirs 

Ruste INGOs 

Se Lela roster el GH VSS Ol <i \cie Ce Coan uore 
Gre fa oR 


Si=*Yos }- Ptevdoes. 

Re NO, Pt deesn* tt. 

S: it gives*you negative*12);-soerry ; 

R: > NO,* posttive®2 and the next’ one? (5=-e) oives 
you negative 2. 

6m Son = yess" that*s<right: 


RP: -So- these’ aren't the” same. 


.e Rents” «ke 


te 
. 


i 


rh 
ay alee Sud eey dO 2 i 


ee ‘nexe- sensit o8 of 


1 e 


ae 4 re 
: Lg ¢ te 
oy a ag ; . - 
la. bia ee 


tepys' 


S: Right. It's the other way around it's the 
same [7 - 5 same as -5 +7]. 

In reply to specific questions at the end of the 
project this student indicated: 

1. He liked novel tasks on the calculator; for 
example, ethe "Talking" Calculator. questions. 

2. He found no parts particularly easy relative 
to others on the calculator. 

3. He found complex fractions [which we did 
Eromelime-~coO. time |. .dvtficult .at.first «<i lsnad.sva bit 
of trouble with that at the beginning but then I found 
out how to do them." 

4.. He didn't’ use the calculator for many parts 
in mathematics class periods, "... because most of them 
were like 5 + 7 and stuff like that. It's mostly how to 
do it and not real tough numbers so I didn't use it for 
that." 

5. He used the calculator when given equations 
had more difficult members. 

Gam te Lavors allowing. use of calculators7in 
school but not for tests and examinations. 

7.21 Heustates thatthe icaliculator helps but “does 
not show students how to do questions. 

In the six-weeks follow-up (see Appendix I), 
this student did almost all questions perfectly. The 


only weakness was shown in question 9 where students 
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acess pilin 
gama ee 625 
decimal. The most effective way would have been to use 


were asked to convert each fraction and BOs ec 


1 1 
the = key as in 17> - He did these as three division 


@ 


questions as 1 5,17 = . For whatever: reasons this 
student's retention of some of the procedures learned was 
excellent. 

From the behaviors given it can be concluded that 
this student 

aS Superior’ an using, the: caiculator but still 
needs opportunities for additional practice and discussion 
about general calculator techniques. 

-- is aware of the function of special keys of 
thisvcaiculator. 

-- is excellent in estimating results. 

-- excels in determining (and executing) 
calculations mentally when such is appropriate, but some 
basic facts seem to present difficulties unusual for a 
high-achiever. 

-- analyzes questions very well before 
calculating. 

== is reluctant. to write steps but rather 
proceeds directly to the calculation. 

-- operates very well when numbers are large; is 
aware of how to use the calculator properly in handling 


such numbers. 
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~~ Canwuse: the, calculator forndoing rational 
number algorithms and obtaining the answer in common 
fraction or decimal form; if the common fraction notation 
is required, more practice opportunities would be needed. 

-=- generally considers his problems so’ that often 
he realizes his own errors at the time that they occur. 

-- is strong in mathematics but “at times weak in 
some basic facts of arithmetic. 

-- retains his knowledge extremely well about the 
use of the calculator. This was demonstrated in the 
six weeks follow-up. 

-- has a high regard for calculators and a keen 
interest in using them. 

In Q15 a number of characteristics are given for 
good calculator users. This student is very competent 
in a number of these; he estimates well, he is thoroughly 
familiar with the functions of the keys = covered in 
this project, he uses mental calculations when such are 
appropriate and does not rely on the calculator for 
these, he is confident in operating with large numbers, 
he is usually aware of the total problem and often 
realizes his own mistakes. On the other hand this student 
was weak in writing steps before doing calculations 
although he excelled in analyzing problems and determining 
what had to be done. He also needs more practice for 


many algorithms to become competent in all of these. 
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Case Study Number Two: M-118 


This student is a male whose age was 13-7 at the 
Siac Om tie DLO ject. His 10 1s "recorded 458° 9S .verpal 
and 112 Non-verbal on the Canadian Lorge Thorndike Test. 
He entered grade 8 mathematics with a grade of 45 
percent at the end of grade 7. He is a pleasant person, 
friendly, easy to talk to, and was interested in 
spending time outside of class in discussing the project 
or other matters of interest to him. He was keen about 
using the calculator and commented several times about 
how he enjoyed doing this work. Although he had had 
COntace wile calculators prior to the start’ of this 
project, it was only on a casual basis and like most 
students he had not worked with them in any regular or 
intense fashion. | 

In operating the calculator this student used 
his right hand (he was right handed) and frequently 
shifted his pen from hand to hand as he went from 
Calculation to writing. 

Generally he worked diligently on worksheets and 
assignments in class but occasionally had to be reminded 
to return to the assigned work. Indications are that he 
did not do much if any homework on calculator handout 
sheets as many were not done or only partially completed. 
Students were encouraged and urged to do the worksheets 


as close to completion as possible but no pressure was 
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Complex fractions were used at many points in the 
project since they tested students’ ability to analyze a 
series of computations and organize their response. This 
set of questions and some series were not completed by 
this student. He also neglected to complete a page in 
which practice on using the constant (K) key was given 
and he omitted completely two pages on estimation 
practice. He had done most of the pages with number 
patterns but completely omitted pages two to six on 
"Working with Fractions" and two pages on "Some 
Further Patterns". This omission does not mean that he 
had no practice on these topics; it means he neglected 
to record answers for these questions completed in class, 
and he did not do additional ones in class when time was 
provided. 

In general this student was not very strong in 
mathematics and not very strong in calculator usage. He 
easily learned some of the basics of calculator usage, 
but’ he*had difficulty with more complex features. in 


the fourth week this student could not understand how 


SEU could be accomplished by the KSS 
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and got 223.965 33, which is incorrect. To do his 


sequence correctly he would have needed "=" after 8 


and then EXC = RCL = . What he accomplished was 


8 : 
16. X44 LX FEM ONG SOL A A basic error he 


made (in, addition,to, neglecting to put:."=") was. to 
LoVe «ne ccomplLexitraction.. In a follow-up lesson. to 
this the above question was corrected and discussed. 


During the follow-up lesson students were given a 


TDA Go Sit Sy 12 
dG? as ae 3 BRA) 


correctly produced the following KSS: 


Similar one, and this student 
Por ad oF Otek 2 SS TO 26. Xi 14-93. XK O38 AS EXCaS RCL = 

In the seventh week this student still had a 
difficult time distinguishing between a KSS and a 
mathematical sequence. For eel he showed Poe EOx 
Ghee kos srather than 2.4/5 a - However in this week 
he did the test on integers and got two errors (one was 
aS bony Garon atlimethne iferst thirty questions. ote 
correctly did all the six equations but.omitted four 
questions calling for evaluation of expressions 
(example: n? sine Lak ety, =o. 

In an interview in the seventh week he 

--did 9 X 8 mentally. 

Sack AA let 4 stud os aed eu wber 
asked to read the question realized his misinterpretation 
and corrected it to 4 X 5 =; that is, he used the 


CALcULator for ..this-: 
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AHA STESHR e768 F076 8 Ue 7 6er= las 76 Sexed nats 

=—aid S746 LOOMonVvthe \calculator and after that 
he said he knew an easier Way “Of doing Ltpby2counting 
two places and placing the decimal point. 

--did 2.476 345 xX 1000 by attaching three zeros 
to the original number. 

--did 18 + 7 mentally. 

==i7de24.7 + 100 “mentally. 

=—d7097 X97 as 97 x° but wasn't satisfied so 
repeated as 97 X 97 = and noted the answer was the same. 

In this same interview he had trouble with 
(86 x 86 HUA). XL2S Ve aL SOChELthis qtestionsts téntered 
exactly as shown the correct answer will be produced by 
the TI-30 calculator. This student's problem arose in 
attempting to rearrange the parts, assuming the answer 
would not change. 

BxXGeGOE 2 >SUM-128)):* 

S+° Do OIthave eto keep. it “in “brackets? 

bes eThat'sipitus:47.. 

S: I know. Do I have to keep in brackets or 
can VI ‘go outside the brackets and then.... 

R: Do whatever you need to do to complete the 
question, but what does the question tell you to do? 

ae keer MUS6 OR 47" bracket; \tines (25 tandeplus 17. 
I was going to go, like 86 X 86 X 25 and then I was going 


BOwDEusedyeand then 17. 
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This student is not sure about the necessity of 
parentheses. In the same question, 

Cece oor ee joka eb 7) he ‘could notvexplain the 
difference between the question as stated and a similar 
one without parentheses. When this student did a complex 
question and stuck to the given order he was able to 
solve it correctly. In the eighth week he had no problem 
wiena 37) ST ae aye (cay 10° Pa oouMma ty 
because he adhered to the order given. 

His limited knowledge of some aspects of 
arithmetic ‘were inhibiting in the calculator project. 

One particular frustrating experience is illustrated in 
Appendix L showing the difficulty this student had with 
a simple concept such as perimeter. 

This student had some confusion in the language 
related to division. He did 231 + 396 = but talked about 
this as 231 into 396. In estimation he was reasonably 
accurate. In one page of estimation questions students 
were required to pick the largest value of three given 
(eramores tess i 645.00ex 24, 76 X 22) by Using estimates. 
They found the largest by using the calculator after all 
twenty had been estimated. Of twenty such questions this 
student got fifteen correct. 


At the end of the calculator project when 


functions of keys were being checked this student 
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--knew that the x? key squares the display. 

--did not know what x key does even though he 
ETLed So Naxe2 

--knew that x? will check out a square root but 
this was after the square root key function had been 
explained. 

--did not know what = key does. 

--knew what ve key does and could explain it 
correctly in terms of the full multiplication; that is, 
SE yiocisS x 5°85 x 5x5 x 5. 

~-knew how to load the calculator for repeated 
subtraction using the constant (K) key. 

When the questions of Checkpoint Number 6 were 
put to this student he had trouble with many of them. 

1. Even though students had done series several 
times in the project, this student could not begin to 


SOLVen 41482504, 7699.8, 101765 25 ; ; oi Ee 


needed much help in establishing that it is decreasing 
bye subtraction, by, 23.6, and that one would repeatedly 
Subtract’ 23.6:... Het didi-not know how to proceed to subtract 
23.6 repeatedly by using the constant key. Even after 
having done 1. a) on)subtraction he. could notuproceed 
Withed. 5b), a division situation., He had to be jquided 
in determining the constant divisor. During this question 


he did’ not know the correct use of STO, RCL, and EXC. 
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a. eon dividing 13.5 ballion bys300 000 he knew 
how to enter scientific notation. He did know that this 
question called for division. He wondered why the 
calculator stays in scientific mode even though the 
result is not too’ large for the capacity of the 
calculator. (The calculator stays in scientific mode 
once it has been set in that mode and will stay that way 
Unite. Lt is, switcned| ort.) 

In expressing this answer, 45 000 s, in minutes, 
this student's first suggestion was to multiply by 60. 
He also had trouble seeing that (45 000 + 60) + 60 is 
the same as 45 000 = 3600; he thought it would be the 


same as 45 000 + 120. 


Se et OOTnG 163 & 3875 in fraction format he 
used the calculator efficiently and easily arrived at 
5435. He could see that this would be 55 plus a 


Traction oul to cet niak Fraction ne Cid oor poo. 


He had no trouble in establishing that _ is in lowest 


i 
terms. 
a 10 
MS a a 189 - 1257 to be done in decimal form, 
fhis Student did 18 X 9.+ 7 = =+'9 = "to get the first in 


decimal form. He needed help in ensuring that he had all 


the proper steps. The more efficient way would be to do 


18 +749 =, saving three key strokes. His KSS was 
Worx roast ys so = STON 2 Re 0 = ane: then te 


needed further help. 
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Bxcerpt, 26-.(M-1d 8). 

R: How can you now complete the question so that 
the numbers will be subtracted in the correct order? 

Si. YOu. recall and then..you, minus, <.«no! 

That'd erase that. [number in display]. 

Re Righty hisolwhats dos your, do? 

oe Eke. 

R: Right. [Student was hesitant--did not seem 
to be secure in how to handle this.] And then? 

[Student did EXC - RCL = but kept questioning researcher 
as to whether that was the correct procedure. ] 

5. When faced with number 10, the problem of the 
cost of an 85¢ hamburger every day for 365 days, this 
student thought it couldn't be as high as $365 (answer 
given in the problem was $31 025). When he calculated 
365 X 85 = he was going to concede that $31 025 was right 
but he looked at it again (he couldn't leave it since 
he saw it could not surpass $365) and finally realized 
where the difficulty was. 

6. When this student was given, 49.+85X =.703:5 
to solve he did 85X + 49 + 49 = 703.5 + 49 but was 
reluctant to leave the right side in that form; he 
wanted to calculate it immediately. Even after being 
directed to leave it he could not seem to cope with that 


654.5 
format, calculated.itsand.~then, wretens = 35 for the 


bast. Calculation: 
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%., This zstudent correctly<did a tial ow Qutub 3, 
oe 


and ts0, tor thizkfonithe KSSiform dt 7 + = nL hart - or We 
did not, however, know about the use of = asa 
possibility even though at the beginning of this 
checkpoint the function of the = key had been reviewed. 

8. When the last question was reached, 

64 + 198 X 32 - 8344 + 56 =, this student (as did 
several others) wondered about the use of parentheses 
around 64 + 198. The researcher reviewed that the 
multiplications -toricome (first and ‘that wsiwhat the 
calculator is programmed to do. 

In reply to specific questions near the end of 
the interview this student indicated: 

1. He liked to use the calculator when he had 
many questions to do such as multiplication questions. 

2, weie tried asing -themcaiecu latorbonmtractions 
but got all kinds of decimals which he could not 
understand so he did not use it for those again. 

3. He feels constant use of the calculator would 
make vou —tornget;,. "..Leisuchs thingsiasi mow tomdo ifmactaons..’ 

4. The calculator gives a tremendous advantage 
of speed. 

5.) Hei. would nothwallow? calculators. to}:berused ‘for 


examinations, "... cause they should know something 


instead of just knowing how to use the calculator." 
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6. One disadvantage he saw for the calculator 
is that a weak battery may cause the calculator to 
malfunction (produce unusual results) but the student 
would not be aware of this. 

In the six weeks follow-up this student made a 
large number of errors. Obviously his retention was 
poor. Probably in the interim he had not had much 
Opportunity to practice the same calculator skills he 
had been taught: 

--in doing 37 X 46 + 37 + 16 he used 
(37 X 46 + 37) + 16 = and so changed the question. 

Stor wots he used 
(Osa leten st “CStO (lot) Xe ts 257 reRChee ye. In 
this he made the error in inserting parentheses around 
(16 - 7) and then in doing = + RCL = at the end he 
interchanged the roles of numerator and denominator. 
= qe and ats by "USING es Ld, 
and so forth, to change the decimals; again he forgot 


-- he did 


about the role of = 4 


--in 342 = 1520 to be done in decimal form he 


9 oa 
nusea 7 =" 9 + 34 S*which is efficient) -althoughvat’ the 


end of the project he had been doing this as 


34° X79, +77] +09 = ,va less effictrent-way.. However, he 


could not cope with the total problem; he. recorded each 


G5 


result and then keyed in again to perform the subtraction. 
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From.the description of,-his-behavior.itvcan. be 
concluded that this student 

--is probably an average calculator user with 
some strong points but several weaknesses (he could not 
recall the use of Jx nor of : keys although these were 
used several times in the project. 

--is weak in many mathematical concepts which is 
reflected in his inability to cope with several of the 
established situations in the project; this is reflected 
also in his performance in using the calculator. 

--is reasonably good in estimating results. 

--needs much more help and practice with complex 
calculations and with order of operations before he 
would handle them efficiently; he needs to realize the 
correct order and how this is related to how the 
calculator operates. 

--needs more practice with situations using 
STO, RCL, and EXC keys before he could utilize the full 
potential of this calculator. 

--is reasonably secure in doing rational numbers 
in decimal form but would need more practice in working 
with mixed numbers where answers are to be expressed in 


fraction torn. 


Case Study Number Three: F-120 


This student is a female whose age was 15-0 at 
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the beginning of the project. Her IQ was recorded as 
75 Verbal and 81 Non-verbal on the Canadian Lorge 
Thorndike. Test. Her;mark.at the, end of grade-7 
mathematics was 42 percent. She had repeated grade 7 
and so was older than most of the students although two 
Other students in the project had repeated a grade. This 
student was pleasant and easy to talk to. In class she 
contributed almost nothing voluntarily. She would reply 
when questioned (if she had a response), but would sit 
Silently if she did not have a response. In personal 
interviews she was willing to participate and give 
answers when she could. She did not seem to be 
discouraged by her many failures although the researcher 
generally tried to maintain non-threatening circumstances. 

This student did not as a rule carry her 
calculator to class. She offered no explanation for this 
except to say that there wasn't much for which she needed 
it. However, four of the six students in her class did 
normally bring than calculators and used them regularly. 
Not-using-her: calculator, could. be» the-reason,she,had.not 
progressed much in calculator ability. Infrequent use of 
the calculator could be a reflection of her inability 
with it and-failure to appreciate its potential in the 
grade 8 mathematics curriculum. 

She used her left hand to handle the calculator. 


When clearing the calculator she pressed the ON/C key 
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several times even though twice is all that is necessary. 
This seemed to be a nervous reaction and was the only 
Outward indication of possible frustration. Otherwise 


she appeared calm and undisturbed by the many incorrect 


responses. 
: ESP SOME rach he OE Pe ee 
In doing PAs ae ee Oe ae es in the fifth week 
SnesdiaelS KIA7out6 Sexkn2 =A CLO (Xel4e-ol2 yhesr= by Besides 


the error of entering 2 instead of 12, she got the answer 


1200 


only for the denominator. Failure to enter "+" after 
the first "=" meant she really began a whole new question 


at that point. A similar question was given in the ninth 


1S ee, CAE | 
933 + 44 faite BRD hoki eo 


student supplied 63 X 27 + 933 + 44 X (17 + 3.8) - 234 = 


so she solved oa Vee ee ee ee ee 


answer for the question that asked for a second 


week. This was for which this 


(different) solution to this computation. . This complex 

a problem was too difficult for this student to handle. 
In the test on integers in the seventh week this 

Siudemt taet vallinohethe: first (thimtytcormects 20Of*@the 

next six equations she had only one wrong and for the 

last four evaluations of expressions she had only one 

correct. This was quite unusual since students generally 

stronger than her in mathematics did not do as well in 

the test. The results do point out that in 


straight-forward calculations a poor student can be 
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successful when analysis of the problems is not required. 
All of the first thirty could be done by just entering 
exactly what was shown (for example: 

216 + 387 + 138 + 216 + 416). As a further indication 
of direct calculations, in the ninth week this student 
solved 7300 X2(47°+).78)"by 7300 X°(47 4°98 = and-did 

this again without using parentheses or memory by doing 
47 + 78 = X 7300 = . She could do the fifth power of 
Saxtby 6 y5 = but could give no other ways of getting 
this question. 

This student shows deficiencies in simple 
questions. She did 9 X 8 mentally and wrote 72 but for 
eiracetot +o4eree¢cshe drdaSat 8 ihn 4 ymentally es Feor 
768 + 768 + 768 + 768 she added these on the calculator. 
She used the Bicieracke. do 8746 + 100 and seemed to 
have some vague idea about using a rule to divide by 100. 
She could not multiply by 1000 without guidance from the 
researcher. Such questions as 18 + 7 and 247 + 100 she 
aid: on the. caicilatorsnsFors (86 Kn96"(se4Fenkx 2eetaideshe 
got the correct answer because she simply had to enter 
exactly what she saw. For this one she said that the 
parentheses were necessary but could not explain why 
leaving them out gives a different answer. Only after 
assistance from the researcher could she see that in 
Bourke Sot twas KeeShti dvacthes calculator doesethrec 
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(44 6 X 3)'X 374 she could mot state why the 
parentheses were needed although she did say that they 
had to be included or the answer would be different. 

When given a problem requiring the calculation 
of the perimeter of a lot and then the cost of fencing 
te at $13.95 a metre, this student could not cope. The 
researcher helped her at great length and set it up 
entirely so that she just had to calculate to find the 
cost. This was in the eighth week. 

Riso in the eighth week she handled 14° = 27 
easily using the yo key. However, in trying to use the 
calculator to factor 9555 she was unable to proceed to 
divide by consecutive primes. She needed careful 
step-by-step guidance in order to do this. She had no 
problem palais é Sh a to a decimal but could not 
express the latter to the nearest thousandth. She could 
not provide any clues how to proceed in finding the 
missing number in = = 335 - 

In the final checkpoint this student indicated 
the following: 

--The = key is used to multiply a number by 
itself. 

--She did not know what thev x key will do. 

--She did not know what the = key will do and even 
after it was established that 9= will yield the value for 
A bse 
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--She had no idea of what y~ key will do. 

--She did know how to make 12 a constant of 
Subtraction in the calculator. 

In the final Checkpoint, Number 6, the following 
observations were made. The interview was long since 
the student needed continuous help. 

1. In deciding on how series can be continued 
she needed help right through the whole question. She 
could not establish the constant of subtraction and then 
use it to continue the series for the required number of 
entries. In the second part, a series requiring a 
constant divisor, she was very frustrated and pressed 
the ON/C key a total of eleven consecutive times at one 
point. She could not do it and again needed much 
careful guidance. 

2. She did not know what to do to find how long 
it takes radio waves travelling 300 000 km/s to reach a 
point.4in sspace, 13.5) billion km ‘away.o4 She also, did not 
know how to enter scientific notation. 

3. She could not complete the following: 
By Seago 
fed ght’ «OIG 275 X 3675 infraction form she got 


19°3 554 106922 
to Ea Xx Ts and then multiplied to get Bai cial but 


beyond this she needed careful guidance to end up with 
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101855=- 
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5. To change isd to decimal form, this student 


wanted to do 18 + 9 X 7. It required careful explaining 
to establish the’ correct algorithm to do this. In the 
subtraction question, 182 - 12it, She did know that when 
18.777 778 was in-storage and 12.909 090 in display, the 
question could be completed by using EXC - RCL =. 

In the next similar question involving division she 
proceeded reasonably well after the previous discussion 
but she neglected-to put in an "=""sign in a crucial 
place in changing a mixed number to a decimal and so it 
did not yield the correct answer (453 to a decimal 
should be 4 X 22 + 15 = = 22 = but she omitted the first 


a= Signy. 
6. She agreed that 365 hamburgers at 85¢ could 
COSt’ oS) 025 "because: she tried-365'xX $5*= and*’got*31"025. 
7. She could not offer any suggestions about how 


to solve 49 + 85X = 703.5. The researcher led her 


Hiroughn chat procedurein. small steps.. 
1 a i. i 1 is 


S27 ole "qo tL ae 7 + z c a ‘+ 2 = ie a 7 easily by 
1 + 2 < + 3 = ieee Sey = = . Because of her frustration 
x 


the researcher did not pursue this further to see if she 
could suggest other ways of doing this. 

9. °"in problem 14, because she 1s able to enter 
sequential operations she had no difficulty in correctly 


calculating the answer for 64 + 198 X 32 - 8344 + 56. 
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ini replywtoxspeeific* questions at the. endwof the 
project this student indicated the following: 

1. She had no comment when asked what kinds of 
questions she found easy on the calculator. 

2. She made no reply when asked why she didn't 
use her calculator often in mathematics classes. 

3. She had no opinion about whether the 
mathematics taken so far in school was easier or not 
because of the availability of a calculator. 

4. She would not favor use of a calculator in 
tests, "Well, if you use them in class then you wouldn't 
know what you're doing on your math test." 

In the six weeks follow-up this student did the 
first four basic calculations. She was not able to do a 
pompsererrraction sand, she did)23 X. 23K 230k 23k. 237 by 
feeding this in as shown. For multiplying (and dividing) 


a series of numbers by a constant she did this by feeding 


each: separated yoieL2) Xi Fe=15 wb 2aeXoss Sst, wh2hens9ies) and 
a 1 ah . o 

Soson).< .-She- did Ty’ 7s" and 635 by dread and so on. 

She did get so Reoer by doing 264 + 22 = and then using 

thewresulty-12); in?®l5~Xil2were ASheadidsnotreven attempt 


two rational numbers questions (answers to be given in 
decimal form). She squared a number when the square root 
was called for. She was not able to do two last questions 
dealing with computations involving large numbers. 


From these observations the conclusion is that 
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this student, low in mathematical ability, has low 
calculator competence. She can do well, basic 
calculations where the order of the question dictates 
the KSS to be used but whenever some mathematical 
knowledge is required in order to do certain questions 
she is hopelessly lost. 

Her knowledge of the calculator extends only to 
the basic four functions. At times she seemed to be 
able to use the y* key for powers but she could not use 
Cae Berean a 5 correctly consistently. 

Her estimating ability is poor. In one page of 
twenty problems she got eight out of the twenty. 

When faced with simple problems this student 


relies on the calculator and rarely does questions 


mentally. 


Comparison of the Three Students 


In the cognitive dimensions of mathematical 
knowledge and calculator knowledge, student M-115 would 
be rated High, M-118 Average, and F-120 Low. In syntax 


knowledge M-115 and M-118 were Average but F-120 Low. 


174 


In the affective dimension of persistence M-115 was High, 


M-118 and F-120 Low. THUattitude-totcalculatory tasks 


M-115 and M-118 were High and F-120 was Average. 
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CHAPTER VI 
CONCLUSIONS AND FURTHER RESEARCH 


The conclusions that one might reach in a study 
of this nature could be wide and varied. Following are 
some conclusions that are indicated by the many 
observations made in the class, in personal interviews 
with students and teachers, and in evaluating the many 
tests given throughout the project. The conclusions 
are grouped into those that relate to teachers, students, 
the curriculum, the parents, and general mathematical 
difficulties. This order parallels the order of the 
research questions as given in Chapter II. 

Following the conclusions some interpretations 
of the researcher are given. These are followed by 


Suggestions for further research studies. 


Conclusions 


Calculator Usage and the Teachers 


Teachers adapt to the presence of calculators in 
the hands of some students in their classroom by 
permitting them to use calculators whenever the students 


feel they can be used, but not.for tests. Teachers. do 
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not make other adjustments such as directing special 
questions or specific procedures to calculator users. 
Teachers do, however, see a great deal of potential for 
calculators in the future and recognize the inevitability 
of their presence in society. They feel the schools 
should be adjusting to their presence with specific 
programs. However, teachers feel that there are 
fundamentals that must be taught so that students can do 
these without the use of the calculator. One teacher 
feels that there is plenty of work in grade 7 and to 

a large extent in grade 8 where students must learn 
basic calculations and the calculator should not be used 


unless it can be utilized to support those learnings. 
Calculator Usage and Students' Reactions 


The conclusions given below relate to all the 
sections of Chapter II that deal with the effect of 
calculator usage on students. The sections include 
regular student learning, going beyond the standard 
curriculum, high-achievers, low-achievers, the general 
use of the calculator, student attitude and interest, and 
additional changes in students. 

Ll. Grade 8 students including even those low in 
mathematical ability can learn to use a scientific 
calculator efficiently for basic mathematical calculations 


including the use of a power function. Only the students 
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of higher ability have enough understanding of the 


Gescerr 


x 
Vy Keys. However, e6ven the student*of lowest ability 


calculator to be able consistently to use =, bs 


is able to use some of these keys, especially os after 
much practice. Basic calculations involving integers 

( 216 - 119) become trivial even for low-achieving 
students using a calculator. When complex computations 
are required even low-achieving students are very 
proficient provided no major mathematical decisions 
need to be made. A question like 

64 + 198 X 32 - 8344 + 56 is simple because the 
calculator is programmed to follow algebraic order of 
operations. The student needs only to feed in the 


numbers and operations as shown. However, 


O Sika d2* x yd, 40 
CRE Eh Oe ae Ga 


realize that the numerator and denominator must in some 


is different because a student must 


way be closed and the division of these then performed. 
Therefore brackets or storage features of the calculator 
must be employed. The success of students in such cases 
is not high and usually low-achieving students omit 
something (for example a parenthesis) which then changes 
the problem and leads to error. 

Different algorithms need to be learned and 
stressed. In doing a using a calculator a student 


must ensure that 3064 is divided by the sum. With a paper 


and jpenc? approach thisiis quite clear but invusing a 
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calculator, doing .3064 + 32 +.93 = is not sufficient. 
Students need to learn this and to have practice in such 
calculations. 

2. Students can learn how to do operations with 
complex fractions using the calculator. With much 
repetition the low-achieving students are able to handle 
these in fraction or decimal form with the decimal form 
being much easier. lLow-achieving students need much 
more time to become proficient at these since they tend 
to forget some important requirements. For example in 
doing 155 = 3075 USUNnG edo +. 474d Setaken telus eate: 
the first "=" sign is essential as is the left 
parenthesis. Some students make syntax errors. It 
makes little difference to the students whether the 
numbers are large or small when doing rational number 
algorithms. There was unanimous agreement by the sixteen 
students that working in decimal form is preferred to 
working in fractional form. The ability to interpret 
decimal forms is not as well developed as interpretation 
of fractional numbers. 

3. Students need more help and practice with 
analyzing problems and establishing the calculations 
necessary to solve the problems. Discussions relating 


to the necessary steps are required to make students 
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4. Participation in the calculator project 
raised grades in estimation tests and in one test this 
was Significantly higher than it was for the 
non-calculator students. 

5. Students do not go beyond requirements of 
the program but they are interested in topics not in 
the normal curriculum when these are introduced by the 
researcher. Only one student showed interest in using 
the calculator for projects associated with other 
subjects. All students do apply their calculator 
talents to other subjects such as science or business 
mathematics. High-achieving students are much more 
active in class discussions pertaining to topics that 
are not normally discussed in grade 8 mathematics. 


6. The best calculator users were the best 


Ig 


mathematics students. They had some idea of the magnitude 


of results to be expected and therefore were alert to 
reasonableness of answers. The ability to analyze 
problems, especially complex computations, made some 
students ‘superior *in-calculatoriusage. .Usingsshortened 
procedures such as applying mental calculations helped 
to speed up the work. 

7. Attitudes to mathematics were not 
significantly altered for the duration of the project. 
Interest in the project and in calculator usage remained 


high throughout the project and even at the time of the 
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follow-up six weeks after the conclusion of the project. 

8. Calculator students progressed as well as 
non-calculator students in knowledge of the basic facts 
of arithmetic. 

9. Calculator students progressed as well as 
might be expected in mathematics concepts and problem 
solving. They added on the average 4.69 points and 4.38 
points respectively to the Grade Equivalent. 

10. In rational numbers the calculator students 
did significantly better than the non-calculator students. 
On the Rate, Ratio, and Percent tests the difference 
between the means achieved by the two groups on the 


posttest was not significant. 


Calculator Usage and the Curriculum 


1. Good calculator usage can not be developed in 
a few months. It takes time for students to assimilate 
the techniques and the algorithms just as it would take 
with any other learnings occurring in mathematics. 
Even though some fears are continually expressed about 
the probable harm that calculators may produce, the 
evidence here shows that good calculator usage will not 
develop in van incidental manner” (see OLS). Piheretore, 
formal calculator education is necessary and could become 
part of the mathematics curriculum. If calculators are 


introduced early and used throughout school, students will 
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likely develop their sophistication and it will remain 
with them. Again this can be compared to what occurs at 
this time with the mathematics learning that takes place 
in~-school . 

2. Calculations dealing with rate, ratio, or 
percent are trivial. The difficulty occurs in analyzing 
the problem to set up the correct proportion. Students 
seem to perform well with problems such as conversions 
among common fractions, decimal fractions and percent but 
the difficulties occur when students must set up such 
problems. For example, how does one establish a 

proportion for finding the percent that A is of B? 
ee Students establish patterns and memorize 
the three formats; low achieving students do not and so 
always have trouble with these questions, usually getting 
them wrong. However, once a problem is set up as 2 iz 
where X is to be found, average and high-achieving 
students find no difficulty; low-achieving students need 
some guidance but usually get these correct once they 
reach the calculation stage. 

3. In solving equations students usually used the 
format taught in schools, utilizing inverses. However, 
the high-achieving students shortened this process and 
calculated directly. The low-achieving students had much 
difficulty with equations having several steps and using 


large numbers. The problem was not the calculations but 


ean ad ‘ghd. weeks 


Ho, yoerer: SEF dade 4 redReh Bata | 

naga cies ng auiDot -F si " “ett : ‘aguvaaeend 29 

asrinieu 2 wilt ottregaag tapesihs oe me ee Od) ues idea 
ehosyeusvi6. 26 Amare “enacderes, haw: Lage msohaed: 2S 

wd tresseq boa 2c SoBe Asdiderah veaplsnant em — 

Kous qu tos dane araanosg jee area ete | 

petidasen, ano 2906 ave PUORaE, Crs 

a oe git fasog ae, saideal eases & x02 0% 

exisodem Bac ect oitibe das {aatee eianvienie ivie 


oe Bes gout ob =f cShnee pabnediiae wet ‘pedeortcd, ‘eetds 


Ae - 


- 


ie. 
ae, = 


palstioe yl Dee ey rornssgoug Beewy che bey. lean onet eved: EvBY . 
5° § eR a eo stator a B Shi” sTevaWne, sedosw aets > 


al terdsqntieae sor eat ‘Gacean sbquaod aiid a as, S, oxsth ll 

heer etnebuse econ blot On: ‘ek’ ate j 
gerd #0 sesetas omit ome Yiteusy sud, eonthiue.< 

. jeeaee noida ttigtss ont soees | i) 


wt oan i haweu’ ‘enetpete apbtosupe onkv lon ay 4b ‘ J ia es | 
'y mevitectt ogemsemnd pninition paloonpe ab gdpusy. tearxo% , 
Deis ipa eine - penosxowie arnebure tail 
Maule Hom ai natin dg oN evaniDE HO Fi eee oe bareduoiae 
onl en OP. mene J ee pioad RNG ish pe ‘64 ty, yo MsiOURARD 


sya pret ala 88, nae t gesdens oat “ezedman send 


182 


the format to be used in solving equations. 

4, There is sufficient challenge in grade 8 
mathematics even if students use the calculator but in 
terms of calculations the present requirements provide 
little room for calculator usage. More challenging 
programs would need to be introduced so that the 
calculator would become a useful teaching device leading 


students to higher levels of mathematics. 


Catculator Usage and the Parents 


Generally parents of students in the calculator 
project support the use of calculators and indicate that 
they should be used in the junior high school. They 
support instruction on calculator usage in schools. All 
parents state that there will be a decline in basic 
skills and that students will become dependent on their 
use. However, parents recognize that calculators are a 
reality in society and schools should help prepare 


students to use them. 


Calculator Usage and Mathematical Difficulties 


The major ditficulties from using the calculator 
stemmed from the students' problems with mathematics. 
The poorest student had no trouble in calculating such 
atoroblem as (A +. Bi +°C.+°>D) X EB. once tthe: problem had 


been analyzed and set up to that extent. 
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A number of difficulties in mathematics have 
been identified which do not relate directly to the use 
Or non-use of a calculator. These difficulties are the 
points that need attention. The calculator could help 
improve performance in mathematics by a high factor if 
the basic problems in mathematics could be alleviated. 

Students need more involvement with decimals. 
With the calculator, going from < COndeciave)c,a S 
easy using 7 + 3°3-1ll = but this is not the usual way 
asitaughtiin school. “It would: likely be 7 Xeil +93 = 
and this would be written as + rather than expressed 
as a decimal. 


Students should be given a better understanding 


of the equality or inequality of such quantities as the 


following: 
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The conclusions reported previously were intended 


to be supportable by collected data. 


These conclusions 


and the extensive day-to-day experiences of the 


researcher allow for a number of interpretive inferences. 


First, there is much learning that can be 


accomplished through the use of the 


Calculator: This 


use extends far beyond that of a single computational 


tool. Discussions in grade 8 mathematics classes could 


centre around the analysis required 
and on the development of efficient 
These could be compared with pencil 
Thus, the calculator should enhance 
mathematics teaching and learning. 
Because of the large Move hs 
development that can occur from the 


it could be introduced much earlier 


in problem solving, 
calculator algorithms. 
and paper algorithms. 


rather than inhibit 


of mathematics 
use of the calculator, 


than in grade 8. 


Evidence from this project shows that efficient and 


advanced calculator ability does not occur in three 


months. An extended period of time 


is necessary rather 


than trying to achieve these goals in a single calculator 


unit. The use of the calculator, therefore, should extend 


over several grades. 


Teachers could incorporate calculators into 


regular programs but they need to adjust the curriculum 
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and consciously prepare lessons with the calculator in 
mind. 

Teachers should become familiar with the potential 
of calculators, not just at a simple four-functions 
Operations level, but at a more sophisticated level. 

This is possible by, using a scientific calculator, 
encouraging its use in the classroom and devising 
lessons around the calculator. 

There is remarkable advancement in technology 
pertaining to calculators and the more advanced 
Mini-computers (see Time, February 20, 1978 and Noyce, 
pp. 62-69). This*implies that different levels of ‘the 
educational structure must provide for the education of 
people to be able to cope with the rapid developments in 
this field. The need for knowledge in the area of 
calculators and computers extends not only to teachers 
but to universities in the preparation of teachers. 

There are implications for professional educational 
Organizations such as teachers' associations, school 
boards, and ministries of education. 

As seen in the study knowledgeable, educated 
teachers are not enough to ensure that a proper calculator 
program will come into effect. Teachers need (the help of 
an-active, positive policy towards calculator use [or 


proper effects to come to full fruition. 
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Suggestions for Further Studies 


This study considered a wide range of aspects of 
the calculator presence in two grade 8 mathematics 
classes. As a result the conclusions are based not so 
much on statistical evidence but more on observational 
data obtained through a variety of sources. 

Conclusions are reported earlier in this chapter. 
Those dealing with the students and curriculum are strong 
conclusions because of the techniques that were used in 
gathering this evidence. The techniques used in 
gathering data on parents' opinions are probably reliable 
but not as extensive as other procedures might have been. 

However, the conclusions on effects on teachers 
are based on limited techniques. This is in part due to 
the passive use of the calculator in the classroom. 

Only eight (or six) students,,. not all, in a class were 
provided with va calculator. In part the conclusions are 
based on weak methodological studies. This is recognized 
and it is suggested that further studies could utilize 
stronger methods in the aspects dealing with teachers. 
More structured, careful instructions could be given to 
teachers even to the extent of holding in-service sessions 
helping them incorporate the calculator into the total 


program. 
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The following suggestions for further studies 
avise frome theystudyvand are due in part to the variety of 
data-gathering techniques: 

1. If the existing units are considered important 
to the junior high school then they should be revised 
incorporating the calculator. This may mean drastic 
revisions and would lead to a reassessment of priorities 
and emphasis in the various topics now taught. This move 
would require a researcher working with a few teachers 
and allowing materials to be tested and revised on a 
continuous basis. 

2. What effect does verbalizing problems have on 
the ability of students to solve problems? That is, if 
students’ (alleusing calculators) sare required: to»tell 
someone how they will solve the problem before they 
actually#do at, widletheysber better )problem-sotvers: than 
those who simply are allowed to do them? 

3. A controlled experiment could be performed 
on the unit on rational numbers where all students use a 
calculator but one group works on the usual algorithms 
in fraction form while the other does all work in decimal 
notation. Students would be tested on understanding, 
estimation and application. 

4.  Students' ability to solve equations using 
theacalculatori couldébesStudieds +idhstudentseares taught 


algorithms more applicable to the calculator would they 
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still be well versed in the role of inverses in the 
solution of equations? 

5. How does the calculator affect the way in 
which students approach problems? 

6. Units such as Rational Numbers or Rate, 
Ratio, Percent could be selected for intensive study to 
see what students can or can not do using the calculator. 
This could mean few students and full concentration on 
one topic only. That is, a study that would be narrower 
than the one described here. 

7. How can the calculator be used to develop 
particular mathematical concepts such as: percent and 
the relation to whole numbers, prime numbers and their 
role in factoring and hence in reducing fractions, better 
comprehension of magnitude of decimal fractions? 

8. An intensive study should be conducted on 
the use of calculators with integers to see how students' 
knowledge of the rules is affected. Also appropriate 
algorithms would need to be developed since these change 
when calculators are used. How should students do 
8476 - 789 when they have a calculator? 

9. A study should be made of appropriate 
algorithms to solve rate, ratio, or percent problems. 

For instance the three basic types of percent questions 
should be studied and. calculator techniques developed and 


tested to solve these and see how well students cope with 
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these problems. 

10. What kinds of exercises using the calculator 
will in fact improve students' abilities in estimating 
skills, in rounding, or in achieving reasonable answers? 

ll. No-one has yet satisfactorily answered the 
question whether the use of the calculator over some 
period of time such as a year or more does in fact 
improve students' ability to estimate, or to round off, 
or to give reasonable answers. 

12. Does the calculator enable students to better 
understand the relation of fractions to decimals; when do 
fractions repeat, which fractions yield terminating 
decimals? 

i3’." Can’ grade “3 students master work with 
powers beyond that which is presently required and can 
they develop a full understanding of powers and algorithms 
involving them? 

14. To what extent does calculator knowledge 
confound mathematical knowledge? An example of this is 
in the method of entering a constant of division into 
the *calcwlator. “In A + K Y =, Y°fepresents ‘the constant 
by which A and subsequent results will be divided if the 
Yewesion continues to be pressed. -K represents ‘the 
constant key. This method of feeding in a constant 
breaks the usual pattern of what we normally think of as 


Ql davie2ton situation. 
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15. In solving problems how much should students 
be required to write in order that they be efficient in 
problem solving? What should be written and what does 
not need to be written to ensure that students will have 
full understanding of what they have done? 

16. Does the requirement of having to state 
in writing the KSS, make students better calculator users? 

i7,, Will students: who do. the division of 
fractions using the decimal form on a calculator have a 
better (or poorer) understanding of division of 
fractions than do students who use the standard pencil 
and paper algorithm employing invert-and-multiply rule? 

Lo. Cowld. the calculator be used to help 
students overcome the confusion between Ate Onand!-O is A? 

19. Can the calculator be used to increase the 
comprehension of large numbers by grade 8 students? 

20. To what extent does the calculator assist 
students in learning the field properties for the real 
numbers? 

21. Could the calculator be used effectively to 
reinforce certain rules of arithmetic; for example, 
such rules as the multiplication or diviszon by 7i0 or 


powers of 10? 
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DEFINITIONS 


Calculator: refers to the hand-held (or mini-) 
calculators in general or where clearly it is used 
LOSreLer@tO theicalculatorsinethisapresectathen at 
means a scientific calculator (the TI-30) as 
provided by the researcher for the study and having 
the following features: 

=“basic- four functions 

ts - ‘ PRR ee a, % 

= Bin; cos, ‘tanjoiog;, Inj odeogreet keyiiforiworking in 
degrees, radians or grads (together with an 
inverse key) 

- parentheses (multiple capacity) 

-~ +/- key for changing sign of display 

- EEJ key for entering scientific omen 

- storage (memory) key (STO), recall key (RCL) 
and a key for adding directly into memory (SUM) 

- a key for exchanging the display entry with the 
guantity in memory (EXC) 

- an inverse key (INV) that can be used in a variety 
of ways (to get arc functions, hyperbolic 
functions, anti-logarithms, radian-degree-grad 
conversions, ee change display format from 
scientific to regular where such is appropriate) 


- a constant (K) to enable the operator to make a 
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constant number to he used in addition, subtractio 

MaLtIpilgcation or division. 
Display: refers to the numerals visible on the 
Galculator. 
Calculator group: refers to the eight students from 
each of two grade 8 mathematics classes, taught as 
one group by the researcher. 
Calculator students: the sixteen students who form 
the two calculator groups under study in this projec 
Non-calculator students: the students in the two 
classes from which the calculator groups were drawn. 
A single line under a sequence of numbers and 
operations or functions means an actual -key 
sequence, e.g. 6 + 7 X 3 = indicates the pressing of 
Chewxey so OF ty Teen Oo ENO ae Lil tits OLGer ya vO 
correctly evaluate -6"t = 7 xs = . 
Check: when used in combination as Opieion Check 
refers to a form of assessment or data gathering. 
The term "test" is not appropriate or may be 
misleading or perhaps threatening and so is avoided 
in certain instances. 
KSS: Key stroke sequence -- this refers to the 


actual order in which keys are punched. 
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APPENDIX B 


SUMMARY OF FIRST LESSONS 
ON BASIC OPERATIONS ON THE 


CALCULATOR 
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CALCULATOR ACTIVITIES -- GRADE 8 


Observe. the calculator -- do not turn it on. 

Note keys and their location. 

Function of each key is indicated above the key. 

Find the 10 numeral keys (0 to 9) and the decimal 
point. These are most important to us. 

Find the 4 keys for the basic operations 
-- +, -, X, + ~- also most important in our work. 

Find the = sign -- it is important because that is 
the way in which a question is closed (completed) 
and a final answer is obtained. 

Find the ON/C key, the OFF key -- C means clear 
(we shall discuss it in a short while). 

Other keys will be discussed as we come to them (of 
course the directions manual describes all keys 
and their uses). 


Turn the calculator on by pressing the ON/C key. 

What do you see? (Small red '0' in the display). 

Leave it on just like that and do not press any keys 
for about 30 seconds. What happens? Explain 
(Travelling decimal point comes on -- display is 
Maintained in the machine but is no longer visible). 
Pressing EXC key twice restores data which is in 
the machine, does not lose any calculation in 
progress and now allows operator to continue where 
he left off. This is a battery saving feature. 
If nothing should happen for about 10 minutes then 
calculator will turn itself. off completely. 
However, aS a regular point of procedure we should 
become: accustomed..to. turning. off the, calculator 
whenever we are not going to use it for some time. 


Enter 12345678. Watch your display (a good habit to 
begin to form) and notice how the digits jump into 
the display: 

With those numbers on display try to enter 9. What 
happens? Therefore what is the capacity of our 
Calculator, 

Now press ON/C key. What happens? 
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Do these simple addition problems. Watch the display. 


74+038/ = 46704-1393 = 
LSi+ 64> 42403 68¢= 
198+: 23°= 


Notice that to enter any number such as 461 you press 
the digits in order just as you would normally 
write them. 

Also the whole question is entered in order just as 
if you were writing it, always ending with the = 
Sign. This sign is always the signal to the 
calculator to calculate the result and display the 
final result. 

Let's try addition with some large numbers: 


G46 SO 72365 582) 456neeS4 569 


2. S84L 8926 +43 3746 


Len sh 6 ty leno0 7 


164 324 + 78 888 L6S000 O00Ge S459 67 80> 


What can you say about doing this addition on the 
calculator as compared to some of the ones with 
smaller numbers done previously? 


A look at the ON/C key more closely: 
Biter + rv intowcalculbator —— do, nourpress — (Sign 
Now press On/C once and then continue with 5 + 4 = 
What is the result? Why? To understand it let's 
try this again with one difference: 
Do 6 + 7 and now press ON/C twice. Now continue 
Withy 58+ 4 = . > What do yous get? @why? 
One press of ON/C will clear only the number in the 
display but not your whole question. In the first 
ease you still left’ 6 +.in the calculator and only 


wiped out’ 7. sitting iniithe’ displayo-+-*when> you 
pressed the ON/C once. When you continued with 
Siete VOU An taCcr G14. Fit.) Peseene) ity cae 


second case 2 presses of the ON/C key cleared 
everything from calculation so you then continued 
with a new question. 

We must know how to use this key. Often we shall want 
tot press? this keysonces® > Consider this example: 


85 + 36 but now you notice that you really meant to 
press 46 so to correct this error,: press ON/C once 
then continue with 46 = and you shall see the 
correct answer of 131. 
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Let's try this a couple of more times. 

If a whole question is incorrect then two times on 
the ON/C key will clear everything and we start 
from the beginning. 

Note: turning the calculator OFF and then on again 
Withuthe, ON/C key willisalso.clear all Jcalculations. 

Note: it is not necessary to clear entry or total 
Operation if the last key was the = sign. This 
key Leaves -the. calculator.clear and.ready~to go 
for the next question. This means that the old 
display will be replaced with your new entry. 


Enter 98 765 432 and then square it. Use the x? key 
which means that this big number will be multiplied 


by itself. 

What is the meaning of this answer? (Scientific 
notation -- @ brief description at this point). 
Let us continue squaring this big number three more 
times. This means we press x? three more times. 
What happens? (Error is displayed -- the capacity 
of the calculator has been exceeded). The '‘Error' 


display will come up whenever we do something that 
the calculator is not programmed to handle or 
Simply something which is mathematically false. 
Try 7 + 0 = .. What happens? Why? 


Note: whenever you see a single.line’ under a key 
sequence which is written out then this tells you 
exactly which keys are pressed and in what order. 


Let's try some subtraction questions: Enter the 
question and then obtain the answer. 


Spy 2 37 = 86." = Wigs 
AS [xe 36 34> 2227p eS 
S16 3¢—7L243/ = 95 4380— "25 8505s 


Are you watching your display to be certain the 
correct numbers are being entered? 


Do the following: 
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Remember that after an = sign is pressed, the next 
question may be entered without clearing previous 
display. 


Try the following multiplication questions: 


LOVX os BS XO = OB KD = 
CaneVOurdorso 93 ina. different.way? 

673° Avot = 746 X 372 = CAG GRRE. CI 0 Bo a 

o7 1a). x 34° = Bis. Sf Owe el a 345,.%12354 = 

56 X 100 = Oot LOU N= BA sere 20 345 0X LO = 
67 X~34>X%-24.-X- 8. 637 2a Le ena 

Remember -- the calculator is a machine. It will do 


only what we make it do and only what it is built to 
do. It can not correct the mistakes made by the 
operator. 


Do the following division examples: 


Mie La G2 89 | 40584 ee er pol ode ys) 444 /237984 


2548 + 98 = 9025 +95 = L234 32a gl os 

DO Oe eh a Why do you get such an 
answer? 

Try 65 + 4 = Why is this decimal 


POFTION BROt Las wiong? 
Do the rest of these: Can you read the answer 
correctly using two corrected decimal digits but 


in fraction form -- for example, two and 13 one 
hundredths) 

36 + 16 = 48 +9 = 73S Lies 

867 + 24 = 276 + 64 = 9784 + 635 = 

87 345-7" 3)25. = 88 + 15 = 487 345 = 4353 = 

3 +42 Siar e 1 65> lz7= 

Note: if we shall not be using the machine for a few 


minutes, we should switch it off even though it 
does have the built in switch. Not all machines 
have that and if we should be using a different 
machine a good habit to develop is to switch off 
when not in use. 


Use of the .K key. This, key is. "used for entering. a 
number to be used as a constant. (Why did the 
manufacturer select K to represent 'constant'?) 

This key is used when we wish to repeatedly add, 
subtract, multiply or divide the same number. 
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Key sequence for addition is m+ K x = = = - etc. 
This sequence will keep adding whatever m is to 
chetnumbererepresentedabycuxs Kis the key. 

Let us try a simple sequence: remember that a 
single line under a series represents the actual 
key sequence that is to be used -- 


aA LO = 8 oe Notice that we are getting the 
usual whole numbers beginning with 10. 

Can you produce the series of whole numbers 
beginning with 150 up to 156. 


Cia 5 O'S jae Se ) 
Now make your calculator show: 
Evenpnumbers#upato -201.(2 + K. 2 = = ete. until 20 
is displayed) 
Dad numbersefrom.13 to 25:°.(2 + Kills =%= ete.) 
peeves, soey woe Gas (YOS+(KSSx= 9 etc. ) 
Simiiar sequences can be used with the X, = and 


- operations. 
See if you can make your calculator show the 


following: 

291A ASP OLOPAVes PRSLOQs Write our lade’ theantmbers . 
POSES OPROO. rors. CF. 96830 

200m? 1 75,5 SORTS jeeans ,w0 

Podge LoOvh Sey  1L46ne .3 2 yds 

POZO TT. , E2565 Ly Oe) > Lg 0 


Pa2must, G5e556,20G847 04096) <eie, m0.0n5625 


Note: some people work the calculator with the hand 
whichis not used: forewritingt) Inithrsiwayrthe 
wemring?vhand is. free. to record results: or to-do 
other required writing while working on 
mathematics. 


Let's try some questions requiring more than one 
operation: 


PIGt.SGLSetis = 39 - 17 + 78 = 
L4GaX 2ntoLoas 167 + 14-45 
(17325) XLS se What do parentheses mean? 
(4675+ 18) 2o53e= How do we key them into 
(63 + 18 + 39 - 47) X 36 = our calculator? 


Paying attention to the order of operations: 

What does 6 + 8 X 2 = mean? By the rules of 
mathematics we must do 8 X 2 first and then add 
the resubt tor6éme)Thrs means that even though 
parentheses are not shown, we must do it as if 
they were around the 8 and the 2. 

Our calculator is very special. 
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Try 6 4+ & Xe2i= On youn calculators. “What did. 
you get? Is that the correct response according 
to the rules of mathematics? 

Now try the following, and remember that this 
calculator is programmed to follow the established 
rukes +OL ‘order of -operatiions?? This Yiesnotmtrue tof 
all calculators. 


DEEPER MUS Ts SIS FE (SH -XOLZ 
OVSS) HAF2 024 650. t= O74 N= OLA OX=26 
SO Se TEAS X52 721482 GPe3 t+ 020055 


Suppose our calculator did not have the correct order 
of operations built in. 

Let us try the five previous questions but using 
Our parentheses. 

aye (OUR Se=eSnow becomes). 17 =) 075 X'.3) =. 
Rewrite the others putting in the parentheses and 
then working them. Did you get the same results as 
previously? 

This shows us that having this feature on the 
calculator saves uS some time. We don't need to 
worry about where to insert parentheses. 

However this feature means we must be cautious when 
doing problems. See if you can get the correct 
answer to the following problem: 

We must take 27 and increase this by 45. Then it 
is necessary to multiply this result by 4. 

Write the expression that will give us the correct 
result. Use your calculator to obtain the: result. 

Try another: . 

Begin -with’L80 and@fromiit subtract ©3995) Now 
multiply the result by 17 and divide by 3. 

Write the expression and calculate it. You should 
be able to see that at times we can make good use 
of the parentheses. 


Our calculator also has a way in which we can store 
some information. The STO key can put a displayed 
number into storage (memory), the RCL key will 
bring the number -out of. storage (recall it); and 
put it inte’ the display and the SUM key ‘can be used 
to add the number in the display to the number in 
storage. 

Let us try some questions in which we use the storage 
even though for examples chosen we have already seen 
that it is possible to do them directly or through 
the use of parentheses. 

Suppose we wish to do the following: 
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Dance Ske 
16 - 7+ 36 


Why Gan wernot do ol] X°225 > 26s: 7.4986 =?" Or 
do you think that is correct? 
What is the correct answer for the question? (85) 
If we did it by the suggested way, what is 
obtained? (268.062 5) 
Explain what the question is asking us to do and 
what the calculator did when we entered it as shown. 

Let us now do this question using the storage (STO) 
and the recall (RCL) keys. 
Nersvali i tirst: dO 16)=' 7 +36 ang purges into 
memory. Now we do 17 X 225, press the + operation, 
recall the first result and get the calculator to 
give us the final answer by pressing the = sign 
key. The key sequence is 
POmSa ty cole LOr Ly. me 225) Sa ReG = 

Can you explain the sequence? Did you notice that it 
was not necessary to press = after the 225? This 
is dangerous on this calculator since with some 
operations it would make a difference. Therefore 
we should always get into the habit of using the 
= sign. 

Try another question of the same type: 


SE pie ier pO ae eae 
Ais Roe 


Remember to do the denominator, put it into storage, 
do the numerator (do. not: forget the = "Sign -= it's 
important, this: time); then show +,’ recall the 
denominator and ask for the final result by 
pressing = 
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CALCULATOR PRACTICE EXERCISES 


Make your calculator display the following sequences. 
Write in only the two numbers which follow the first 
eew oi Ven sones... YOU.will.know 1f you are right if 


you can reach the last number in the series. 

Ny eee pga 7 ko. a oer. Re cA RRO pa20 

Bey RO Gop og ase ea 'e. ee.b) 6 ive: o ekerarele pose 

INS RD UD pac og ls Sse ew dvs talons Weta eS pad 

A Meet HED Ged fk 3) ee Sila Ce) aula oe Pera te ie 780 

Seo oe ei oP OL0Yw lc eae. Fee FOS 

Cio ecOPneoeraoere .2h . the end. e aie st) 

me ey) Pe RNA alin ele wide ocist « Werata to, ees , 46 

Ne «sie 6 keg a 0 ai SO en PUR i Ph Le , AY 

Soy MMe pe Ld py) SAL CFA 9) sce tech ww ane seme Pathe ya 

Sap PO yp LD: pV ph She raidintarwuate re ree 

ae Sak 4D Te Dip; peso kane, Seapets jose 

UN MRS Oop OL Ip ae iy Ly sh xk oS tee due eee pr 

Add All the answers are to be found at the bottom 

of the page but not in the right order. 

a) 793 by, 2749 c) 8674 Gy 256a5 e) 8 
476 843 O33 4874 68 
897 3767 6060 867 478 
tier: iB: 9498 

cD 8 

98 g) 6747 + 8748 + 48 = 
998 by O7 F727 ay Te Tae (dot Sie 
yp95 REO On Or Pemba sabe are Ss ake ee 
jy 23.434 F627 n1L2 FO. Zio 

24 467 15 543 3EU493 2,166 

10-052 670,820 934.207 ps pe (8 2 

dn god 99 508 


Are the given answers correct? 


Draw a line through 


the wrong ones and write the correct one under. 


AdGLEIOn: 
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2A 897 3842 2986 99 
366 48 4768 79432 99 

1418 11304 97292 999 
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Add the following and record your answers: 


ae eae b) 247 Cj o94 d) 6748 Sur Oo tee O07 


97 196 849 8784 897 6075 
78 8883 439 7060 
12948 7766 15000 


Now add up all your answers and you should get 85 774. 
tpeyousdid not then find your error. 
Check one: LAGOt~ the -Gorrect final sum 


I made an error in 
(insert letters) 


Subtract the following and record your answers. 
Correct answers are at the end of this question. 


a) 89 Byo3 eviras d) 347 e) 6477 
46 48 83 299 2003 

£) 8007 Geka g97) , |b), 65: 700 i) 666 555 
4968 4 623 47 993 499 388 

92 4474 25 27107 

48 3039 henge 43 167 167 


This is another set of subtraction questions: 


a) 7007 b) 678 c) 3478 d) 475.6 

2078 79 999 38.9 
e) 9774 - 8799 = f) 1 767 969 - 999 497 = 
g) 75.4 - 36.8 h) 97.77 = 43.765 = 
eg S30 72a 4) 797636 — 49-473 
k) 9437.7 - 8379.49 = 
54.005 4929 6.6013 975 
1058.21 599 436.7 38.6 
747.887 768 472 2479 


Can you use the calculator and fill in the missing 
numbers: All are addition problems. 
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Add or Subtract as required -- record answers: 
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Do the following. First circle your estimate for the 


closest answer and then calculate and write the 
exact answer in the blank: 


ans Asse soreoc= 


300 T50 70 
DD). 867.7, 347 — 463 = 
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Figure out these sequences and insert the missing 


numbers: 


8764, 8616, 8468, 8320, 1 F ’ Pp pereNt, 
Bilao Oleg a69 > 63/6:, F ’ ' ’ 
S74 

100 Le ope oo, 3294, y ' ’ p= CL6 
B50C) 2445472390, 1335, , ’ , 1 
1060 

CG 2 peels Sipe Lilie Sy ; ; 4 re eA 


Use multiplication to solve the following: 


a) 


O) 


q) 
Ss) 


6) Loe tb +16 + 16° Ss 

39+ 39 4 39 +-39 + 39 +°39 + 39 = 

47 30% 473 + 473 + 473. + 473 + 473 = 

BES) eto. ut OLo7 + SLO? +ESlou. +b lo7 ut S167 = 


Oi) ere) Die 952 oa ely a ee ne a 
nos 32524. = @) 324° FX aL SD = 

Dike 228. = GP 22400K) 2727 = 

9. xX 9 = iL) 64 X 64-= Rezo le > 
Btn Geo = LIE 2G kee 

BR SHERYL A Oa On ee Te Pk tO ee eo a Sue OUR Oo ee 
TOU Re bt XLS pO) On hel oye Ses 

5k V8 a6 riiceier <0 = 

69-X2646 = t): 646. = Me LEx bo Abee 


Figure out these sequences and insert the missing 


a) 
b) 
c) 
d) 


e) 
5 
g) 


numbers: 


pec mip Wikies hae NI , 256 
DAG AONB A SAA A) OR IER re ie & 28 
gran, 4006 Peon Ueki? ; aie y 
30.1080, 15ND; 7520, 3760, 087 |, ; 
pea ae 
EOL 20th ay yOu es aa Ok, ; hy eee Se 
Lei S10 0 > aa OO Saar IN, Phin Peer e oes 
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Pee SAS iy 1 O9Fe NOSE 000, 22 oso ‘ob. ty Poh 


a woe | 
7 " p48 ee 
4.8% a 


: ” pachmnillipion En ees a. 
b 000-000.0 a pepe: 0. As a mee: Aa ial is 
os: 


Write the product for each of the following: 


ay ve 8b 69 c) 347 d) 768 e) 8037 
13 22 28 237 6423 


I) CGL43 2) 26 we ep iar ai ica lk o ia Gaul OF 

ny S726" x7 53.05 = 1) 99929) Xe Ose 
peas LOU X71 000)= Kk) 0. 8760x100 
m) 
O) 


1) 0.876 X 9.876 = 376.2 Kons 
Be 2647 ies, & 0.75 "= 0.5 X 0.25 = 
By oeti25 ex: 02125 = 


1 604 834 2999 OO iar oid 

tiGow hs) Se Oe Leo OL 4",,760, 625 02125 

Os D3 a oO 9876 S716 eG Seo 
he ae ONES i Bs T82,016 LD od. 


Find the quotient for each: 


ay “25. <5 874 = .23 = C40 35s 37° 
She ee OE es 478 = @),al2 204 4 18.) £) 1536 = 768 = 
g) 16.482 > 2747 =. .h) (27,026.+ 8 = 


i) 33/2541 3) 147f 2352 


124 6 vie: 16 2 
678 ao JS8G 2 ee 5 38 


te Il 
oO 


Further division questions: 


A) ASSIS 72 b) 18) 2286 c) 134) BNC Se Bs 
d) ‘ied Rp Ro Ce e) 0.07/1.1361 £) 34.8)/2874.5766 


go} 36 °9.88 7 S37 h) $103,144 + 18 = 
i) 8121.7 + 674 = 7) flee oe oar 
1) 
n) 


k) 1338" 800—-7. 77 = 469-0 365-5 83 
m). 78. 787 .73.0.00R,= O-000LO816 = 0.0104 
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Write down the complete calculator display for the 
following: 


a) 7847 + 43 = b) 6444 + 44 = 

c) 93 464 +125 d) 10 000 +55 = 

e) 367 475 = 64 f). 30 000,000 + 512 = 
ig tia Jig sia 


747.712 562593275 P62 24.5,0. 57 
146.454 55 5741.7969 1S ee ye omy Oe: 
10° 0547706 


Do the following as indicated: 


7a) Ba BS ae of a A a SY hake ttaite stale Py eye je gd Oar 
Fa) DUNS A Sp he erie gs Pls * oa OC) i090 JAB ie Souk OL 
@) 767)>% 24 + 16-= E\ B76 AXE Oe oes eos 8 = 
GithGw4 75 1+) 256a%0 1 69> h), 240,693.42 125°x 4. = 
1) 07 14S 3000, 000 XX 2.= 
ay) be (av O96 X 12 =) 6 253= 
Le SIEX 1d) K-25 16s X20 s36Ar = 
a9 999-% ROS 67 35%= 
Mo Op oo 660k 6, sl Ss Liye 1 = 
E029 687-5 2 a Ob. 216 
115025 2USe 872) 34 Ta 
24° WISe ec OD BO? ed Ble 2 Paps 2 oy sy a 
FAVZ.L76 1470.6415 20 J ee Or 
LO 120.8 Vo 95 
More sequences: try finding the pattern through 
division: 
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OV P32. 825 
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Str? more sequences -- but these use all the basic 
Operations, Can you,fill in the: blanks? 

ME OO pAb Ome ye LMS yy ond) segs) i ee We oe ne Ore 

I Ow Cae gs ae CN op TA eye 

Py MORO Se Gi) Veen pn) vy oe) epee, Dany tie pt Lo 

Ce OP Ge oe 062 5), LS e625. 602550 sem gn 
Lee ake sc ar pte. op Oe Ok Uee 

Some 2000, llae4, T2485". Pi ene tele 
SUAS SAN Af, OO eS a 

LPI 3U, SOR eee 4) 1430) ty Ro ee ele, 
Ea ee esol) Y, 33 

oe TEAS Ben Pees an Bie nat 7_e ee ts ee a oo ee eee rer 
ie yi AO 340.75 

PE Lo 3 7250 Wie 06 250, vaso O 15, 2507 uss 

; F : yoke 


Try these more difficult calculations: 


AA eihG ALL Savy 3 Bie BIAS SOME T IK TES 
2B cae ak ee aI AAAS Oh awe 
aie 788+ 1sdy eee a) GO G. HA2A2 
77 + 88 xX 0.5 74355 -77 
eWs346.-145 xamel” £) 222 xp4a ese. |. 
Fe Se ee i he TixuGh— heDeue 
16329034153 LEZ7BL3IG45 ge0G2ui46. 9 
0.086 431.36 S65 136 372.888) 66 


Let's see what happens to some fractions when we 
change them to decimals in the usual way using 
the calculator: We do this by dividing the 
numerator by the denominator. As you do these 
observe your results. 
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| ea) A, ane eee 
. . one seu dah, Reh ae Fen E er (A 
OL eats eae x 
eno away Ag | Seyavenan, s0% 9903, wT as 
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Uy |_| 


then be able 
| Of Yj Y to check by 
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vertical 
ones. 
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Parentheses 
are shown 
where 
necessary. 


Horizontal 
1. 267 + 80 = 
te aa. a ae 
Ju 2e00—= 362= 
SEAS Oy a to ae me 6M 
10. 62 X7200_+2100%-26 = 
ene Ol xk. BO) ee LOR LS 
TA 99 X99 + 200 =—-2F= 
HSU Dawe ee Do Ke a et Dee 
RS OK A te! Se oe 
U7. SSssrx 8888 +8. 888 868) -—- 2317111 "= 
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see So Ow Pe be) 
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Bre T Grek 000 abil O0.0- ~ 3 
Wo hececets wo ld =" 100) 
5. 860 X 860 + 2641 = 
6.029000 K 0.5 4 21 = 
Bier O POX OO t-a29  Xe2Qe +243 
ok BN aa ee ad St 
See Lee ee (ep es 
Ponte ge eet L000 = 
Lied Wie. KH DK, Bens Seek 5: ted 
TO eee UX LOY Mee Re = 
BO a. ed ie ba en O00 
25. 666 X 6 + 66 + 66 - 5 
2 6ar9D wed “ul 0 Oj 20.0 ob 7 3 
264 41°54 3 = 


Decode this humorous message by calculating each 
letter value and then inserting the letters in the 
correct blanks: 
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S 23°42 7554024 Y 544242 2 
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Cres 35s x 3 x 3 tl, Uo ee 

Pegi 44 eXER5 1 30 4 40 
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(Adapted from Iowa Council of Teachers of Mathematics-- 
original by Tom Lehrer) 
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Caitcuiator Activities (Various Exercises) 


Patterns 


Pacnvotsrhe following is a pattern.') 2b 1s not 
necessary to calculate every one and in fact at 
times it would be impossible to obtain the exact 
answer because it will go beyond the 8-digit 
display of the calculator. Once you see the 
pattern write in the remaining answers. 


Part Of therfirst one 1s done for you. 


1B JBL 
we 
3a 
4! 
Sg 
6! 
7% 
8! 
9! 
Now do 11! by multiplying all the numbers: 
11! = 
What do you notice if you try anything beyond 11!? 
Try several and state what happens. 


THiS 1S read as one tactorial. 
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9 X 37 = De CS ae 
Now guess the rest and write b230 xe 90+ 
the answers without calculating 1 234°%.9 + 
Lik Bile = L2 83452 XO Ot + 
LS° X Bye 1237456. 96.95 > 
130% 87k = 12238 1967 x 9 + 
215 eam 12 2345560738 Ko + 
240% Oe - 

Bites sos 


Can you explain why this pattern 
ie dake. this once you know the 
first: .one? 
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eye 
ge 
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You may have noticed that these are sequences of odd 
numbers. 


Can you devise a method of calculating any number of 
odd numbers in sequence without going through the 
whole series? 

Find the sum: 


Ti mee es cule ie eee ae Ao ih oe eae 


If you have some difficulty, 
odd numbers there are in any series. 
you might figure that out. 

Levy useveral, others. such as: 

Add up all the odd numbers less than 100 
All odd numbers less than 200 . 
All odd numbers less than 10 000 


a fe 


go back and see how many 
Then see how 
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meion Goal er eemones tO! aD 

i + 2? + 32 = 4? ~ 5° = = x 

i + 23 + a + a7 + +hb sz = X 

ig + 2? + $° ~ 4° + ay + a ne = = xX 

Can you predict the next ones without actually doing 
them? 

S, + 2? + 3? i dtewesiay ct ae = = Xx 

t? + 2? + 3° nie RA ey ie = = xX 


Check your guess. 
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Can you guess how this pattern works? 
Note that each number ends ina 5. 
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ap uch an 15 X 15 = 
35 X 35 = 45 xX 45 = 
65 X 65 = 75 X 75 = 
95 X 95 = 105 x 105 
125 X 125 = BaSaxe 135 


When you catch on to the 
short way: 
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Do each pair of calculations. 
the second when you know the first? 
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learn how then write the second answers using 
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WORKING WITH FRACTIONS 


Make these fractions equivalent: 


ee et Eh S/S Tiana oy Rt hey Mas 
224078 4.28 a. 357. 
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i caios. 33 7 Dod Ge ah LESS 


g) Write the key sequence for doing: 19 


Decide which of the two fractions is the larger (or 
are they equal?). Put>,2Zor = between them. 
Write the numbers required for your decision on 
the blanks: 


aye 2 233 Piings he a9 DPE 2H 
2 5 4 35 9 his) 
Gta Lager 96s) Ot PLO eee a a one 
19 186 119 17 yi 63 
g) iG) 259 
7, 368 
Factor these numbers. Use your calculator to assist 


you whenever you wish. Write the results in compact 
form as the example shows: 
Exampte® 729300 SoZ 2X). 2 X38 1K Be hk SeXy Se 


32 X 5G X Ee ye ak 
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b) 462 = 
oe) S27 
ad) 663 = 
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G) S699 
h) 1024 = 
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Reduce the following fractions to their lowest terms: 


a) 9.3 352 
25 
D) a4 We co) Pe IG TES) Oa) 
260 935 
a) REG 209 ve _ S) Ee VehOue ee 
9797 LPO 3 
£)) 79 560 
1° 646 392 


Do the operations as required with these fractions. 
The answers must be given in the usual fraction 
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Take any whole number and do the following to it one 
after the other (remember that your calculator does 
correct order of operations so be careful): 

muleipiye by S56 adds1-76, multiply by 2;/) multiply 
bywarss he sibitreact 26405. divide: by 457. 

What do you get? Does it always work? To answer 
this try a few more examples. 


Repeat all, the steps for number’6, but start with a 


number involving a fraction like 194 and write 


all the: values: in fractional form as you go along. 


Do all the parts of number 5. again but this time 
work with the decimal form of the numbers. 


What do you think about fractions done in fraction 
form as compared to the same questions done in 
decimal form when the calculator is used? 


Canada became a nation on July 1, 1867; this: is: 110 
years up to July i, 1977, *Caltculate> the fol towing 
equivalences for 110 years. Start with the numbers 
Oftdays usitg the tact that there: were eye leap 
years in that period. 


a) ~How many days’ in the 110 years? 
b) How many weeks? _ 

c) How many hours? _ 

ad) How many minutes? _ 

e) How many seconds? _ 
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Camgyou put together combinations iofagust 2.3, +5. 
and 7 in such a way that by multiplying and 
dividing only, the result will be 1102 .<two 
examples are given: 


Example; (v2 X15 “X 55 -= 5 =11L0 
(2) e825) TT 
39 5 oe Luo 
a) 
b) 
Cc) 


Old Fashioned Problem: 

Under the British system of measurement, a granary 
is found to be 12% feet long, 8 5/6 feet wide and 
LO. Swskeet hi gh:s 

a) How many bushels of wheat can it hold if a cubic 

foot is 6% gallons and 8 gallons make a bushel? 


b) How much does the wheat weigh in tons if a bushel 
weighs 60 1b? 

Do both of these parts in fraction Fabs Pest < 

Next do the two parts again in decimal form. Think 
about the comparison of using the calculator in 
these two forms. 


Problems on the calculation of T: 

As you know trappears as the ratio of circumference 
of a circle to its diameter and is known to be 
WT = 3224159265359 7932384626.. 4° andgon. andion 
never repeating in any pattern. 

To calculate 77, mathematicians have derived several 
formulas, some only approximate but others correct 
Upl to “any “point you wish "CO=selece’ for 
calculations. 

Try the following and see what values of Tf you 
obtain up to the suggested point and compare to 
the value given above: Do all in decimal form. 
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a) Early Egyptian (about 1700 B.C.) formula for the 


area of a circle was A = (d - =a) * where d is 
diameter and d = 2r (i.e. twice the radius). 

This formula gives A = 222 v7 if we put 2r instead 
OE. 


Using the r-formula calcualte the area of a circle 
Of radius (259 20m. 5 

Now calculate using A =77r° and-vrfrom the 
calculator. Compare the two areas. 


b) Archimedes, a great ancient mathematician and 
scientist (287. - 2122 B.C.), estimated 7 tobe 
largertthan, 20b0/7«butcless ¢thams3 1/777. aiwhat 
is the difference in fraction form of these two 
numbers? 

Using each of these find the largest value (in 
fraction form) for the area of a circle as well as 
the smallest (r=25 cm). 


c) 77 can be obtained from the following: 


em Rane 15. 1 1 1 
= -_ — —_-_- — —_ |= —_— + — —- — i 
Ls ae Le as TRC MBE ORs Ee 


Find the exact fractional value that you get if 
you take the fractions up to 1/7 isc ana then convert 
to decimal form. 
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d) Here is another value for 7r given by Abraham Sharp 
in’ i717 {English mathematician, 1651 - 1742). ° He 
used it to get 77 to 72 decimal places. (Of course 
today 77 has been calculated to thousands of decimal 
places using computers). 


Wz 6k 5X (i = + WR ee 
3X3 3 Xba Biko ees 97 23 xa 1 


Write the series up to where you have 15 in the 
denominator. Again see if you can get the exact 
fraetaom Upwto that point. ..Thenvconvert’ it to a 
decimal. Compare to the value for 77 given earlier. 


e) Here is another English mathematician's value for7 


(John Wallis, 1655). 


fs Cita Fee ate 0 ap. © oO agp Oise ree aera ep ale 
W7= 4 X(gXqkerXeXe ko kok ki XT XT ites Soe: 


Can you get the exact fraction from the above up to 
where it is written above? Note that your 
calculator goes into scientific notation so that 
would not be exact. Can you figure out how to get 
it exact? Now change it to decimal form. Compare 
to the given value of 77. 


The formula for the volume of a sphere is V = <7 : 
Using 7 = 22 calculate the volume of a spherical 


gasoline storage tank 15 m in diameter (answer in 
fraction form). Do the problem again using the 
calculator value for 77 and get the answer in 


decimal form. 
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SOME FURTHER PATTERNS 
(from a book by Judd) 


260 UT ice Can you add a few more to 
78 + ll = be divided by 11 to give 
122 + 11 = you each of the patterns? 
133+ 1152 
L006 Ae 
67 Sell = 


Also try these and others of 
the same pattern: 
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and eos = 
Can you prove that your guesses for the last two are 
exactly correct? 
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LOE AS So 

LOL 333. = 


and so forth ---- 
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Can you guess these even though your calculator can not 


give you the exact value? 
24769358) ei 27 
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WHEN SHOULD I USE THE CALCULATOR? 


1. Do the following without using your calculator: 


Starting time: 


4+8+2=5 20 =~ 10 - 4 = 

12 X 100 = 2k ee ESI eS 

A0ar eS) Stee L5008> 30 

45 100 45 4/7 120 
si eta X5 


Finishing time: 


Time needed without using the calculator: 


2. Do -the Tollowingsusing your calculator every time: 


Starting time: 


ALG ahs 5 2 Aoi a ly pee 
16°X 100: = Gg open vee 

30 +345 = 1800 + 3 = 

52 100 62 3/ 150 
+34 =64, x6 


Finishing time: 


Time needed using the calculator: 
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USE YOUR CALCULATOR (And Your Head) 


You are“allowed to use only 1, 0, +, and = on your 
calculator, 

Make your calculator show your telephone number 
(actually you don't really need the = sign for this 

problem). 

What is the minimum number of entries you required? 
(An entry is any number entered in the display to be 
added to any other number). 

Can you think of a way to do it.that will require an 
absolute minimum number of entries? What is that 
minimum? 

Use your calculator efficiently to 

a) add 31.5 to each number 
76 347 9 47.9 

300 

b) add 489 to each number 
65 248 O79 4965 
348.65 

c) subtract 87 from each number 
186 278 3789 
56.4345 478 346 

@ 

ay multiply 1.0S by each number 
13 646 342 
75.94 . S70. a1 3 

e) divide each number by 47 
799 SUC Ss! SO 47 
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£) divide each number by 35.8 
3043 2dwtas 3542.2 


345.47 1281.64 35).,8 
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ESTIMATION 


Each circle contains prices of a number of items purchased. 


1. Estimate the cost of the prices in each circle and 

write your estimate in the proper space. Do all 

estimates first. 

Calculate actual costs and enter those. 

3. Calculate the difference between your estimate and 
the actual cost. 


Nh 


4. Can you give the percentage error (based on the actual 
COST I? 
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Estimate Estimate Estimate 
Actual Cost Actual Cost ActvaleCost 
Difference Difference Difference 


% error % error % error 
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HOW'S YOUR GUESSTIMATION 


Target Practise: In this game you start with the first 
number and try to hit the second number through 
multiplication. Each guess must be recorded in the 
spaces provided. 

Try to hit the target in the least number of trials. 
If you need more trials than spaces provided, write 
extra ones beneath the ones given. 


pee oo ii We ye il tay |e ale GMO eR Se 
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See eee ie Oy ee a re eh Vine etn teenie 46 
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SUSE UH et A Wael et GAO Ey Pe RMLs dey ag hp cea tae oo 
Er ut lg kth Werke Sart. ie: os Cygne, Moly her hye OLS 

SO ALOR BRS UN Se Dc, ae eee Sn ny ele et ens a 
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25 aoe ce oe erie oan MM i ha Pheer eo Sen ky”. 
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MORE ESTIMATION 


For each of the following guess your answer and then 
check on the calculator. Solving these as equations 
is not allowed. 

Record each of your trial numbers to the right of the 
question. 

Two spaces in one question require the same number. 


2 ss eto Ee Gil | } + 16. = 55 
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Ci eeen: 10 pa Gas! DPS 3 83 5 
Sr Tig faov  aieka ya Oe | Pee s23i785 


Orie ete aon 2 Berks | ] = 182 


POnte 2945) =) f ines ue ] = 7947 
lee 2h) Dea kd ] = 70 

Ao ere. | [esi eel 25 

1S eon | are CEE | ] + 450 = 7846 


Ua cio. = 40) +o f ] = 4.475 


i ihe a fears ] = 0.84375 
1 Biden ] = 8.4375 
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POWERS 


Complete these powers and see the differences: 


Start with 2. Double and get 4. Double again and 
get 8. Double once again and get 16. 

Guess the number of times required to reach 1000. 

Now repeat this on your calculator and record the 

number of times required to reach (or pass) 1000. 


Write this as a power notation: = 


Repeat the previous activity but starting with 3 and 
doubling every time. 


Guess the number of doubles required to reach 1000. 


Repeat on the calculator and record the number of 
doubles. 


Can you write out the multiplications you performed? 
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The story is told of a man in ancient times who 
performed a special task for the emperor. In 
order to reward the man the emperor asked him 
what he would like. 

The man replied, "I do not want money. Grant me l 
kernel of wheat for the first square of the chess 
board, 2 kernels for the second square, 4 kernels 
for the third and so forth doubling the number of 
kernels for each square up to all of the 64 
squares." 

The emperor was pleased to grant so simple a wish 
and set his men to fulfill the request. 


Calculate the number of kernels the man would be 
entitled to receive for the 64-th square. 


Can you calculate the total number of grains he 
should receive (approximately)? 


Did the man strike a good bargain? 


I wonder how much that amount of grain would bring at 
$90 a tonne, which is 1000 kg. 
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THE "TALKING" CALCULATOR 


For each of the following, do the calculation and then 
rotate the calculator and read the message: 


i) An, informal’ greeting: (28 X 6) +74) 212 ="8 
2) An informal greeting to a female friend: 


2454 = 600 


opel EIS bee Te | 100 


- 0.54) 4 3 = 


3) A more formal greeting to a male friend: 
(6795984046 S180 giei2 0 “000. 91) 0.104 02000 506-7806. = 
4) All this calculator work may do this to your mind: 
CLO LOD SO ea 7). 05) = Sogo Sea oemoUl r= 


5) What Amelia Earhart put on for take-off: (She was a 
famous woman pilot) 


U2S4O TOT Sek 2a ere (5 ¥1000 X1000) - 444 444+208 063 = 
6) And this is what Amelia's father said: 
(250.45 X 200.3) + (3457.344 + 6.4) = 
7) On our trip we stopped here several times: 
(33.715 Re 20a SyierOn) - = HCLO Gn 2008 Leone rns 
as well as here: | 
(587609 O40 7 225) —):206) = Gye) 10 1000-2 290= 


8) JAWS had a very large appetite. In fact he ate so 
much of so many different things he was called a: 


Cli2e-< 10° +547 747). = 9 * 30 - 416°888 +.316) = 1000 = 


9) There are too many of these in the roadways in the 
spring: 
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10) What the sleepy resident threw at the howling cat: 
C(4 40 Maas eee 23.) KX 64k 6 E059 98)) Kio xX 2 = 


11) What Snoopy gets a lot of in his doghouse as a 
result of his scraps with the cat next door: 


ee + 2? + ae X 3 X 109 = 
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PROBLEMS I 


A person goes Ona Car trip from Edmonton to 


Saskatoon. From there this person continues on 
to Regina, then to Calgary and finally back to 

Edmonton. The distances for each part of this 

tryp are. (in order) 544"km, 263%km, 760 km and 

288 km. 


How many gallons of gasoline would be used if the 
car averages 31.6 km/gal? 


How much does the gasoline cost at an average of 
Sia 9 es Gale 


What is the actual travelling time if this person 
goes at an average of 90.4 km/h? 


The hamburger problems: 


a) 


d) 


Suppose that MacDonald's advertises that it has 
sold 18 billion hamburgers altogether in the 
United States and Canada. If each hamburger is 
assumed to be 4 centimetres thick, how high 
would a stack of 18 billion hamburgers reach 
(if we can picture them as forming one large 
stack) ? 

Give the answer in cm first and then in m and 
finals iy. ine km: 


The distance around the world at the equator is 
about 41 000 km. How many times is the stack of 
hamburgers as much as the distance around the 
earth? 


In the United States there are about 220 000 000 
people and about 23 000 000 in Canada. If we 
assume that each of these people eats one 
hamburger a day, how long would it take to eat 
18 billion hamburgers? 


Each hamburger uses about 125 grams of beef. How 
many kilograms of beef are needed for 18 billion 
hamburgers? 


How many tonnes of hamburger meat is needed for 
the-L8; billion hamburgers? 
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f) Let us take the average cost of a hamburger as 
65¢ (some cost less and some cost more). How 
much money would be spent for 18 billion 
hamburgers at this rate? 


g) The government of Alberta just announced that 
duULIng thwsemext year it is: going: toicost. 3.8 
billion dollars for its expenses in running 
Alberta government business. How many times as 
large is the cost of the hamburgers as this 
Alberta budget? 


Why chain letters requiring some gift are illegal: 

Suppose you started a chain letter and sent it to 6 
people only and each of these is required to send 
it to 6 new people. Call the first sending (by 
you); round™-1 and .the next one’ round.2.,,, If noone 
gets more than one chain letter in which round 
would you go past the total population of Canada 
(23 000 000)? 

In which round would you pass the total world 
population (4 000 000 000)? 
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CALCULATOR ACTIVITIES 


ESTIMATION 


Each question has three calculations. 
around the one you estimate is the largest (do 


not calculate exact answers). 


Next u 


(VARIOUS EXERCISES) 


Draw a ring 


se your 


calculator to get all three answers and then 
put a rectangle around the largest of a, bore. 


Is the rectangle around the same one as the ring? 
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APPENDIX D 


SUMMARY OF CLASS LESSONS 


Z2D3 


SUMMARY OF CLASS LESSONS 


Although procedures at each of the two schools 
varied somewhat only one summary is given. Where 
variations occur these are noted. Summaries are given 
for each of the twelve weeks (thirty-six forty-minute 
class periods in total). 


Week 1 (Lessons 1, 2, 3) 


Introduction to the use of the calculator and the 
functions of the keys. 
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"Error" display when overloaded or when an unacceptable 


Operation is attempted (a+ 0) 


; ah 36 den: ome 
Possible use of ze key in Tetra Ley EseLs fas s Ans6 


Gave first 4 pages of practice exercises 
Week 2 (Lessons 4, 5, 6) 


SChHOOL“A: 
How to use the constant (K) key 
Using* the K Key ?to do sequences (37 15, 75,.375, 


Meet wp 2346825 2) 


Use of y* key to do powers (review) 

Briefly--the use of tangent function for finding 
flagpole height 

Did more examples of complex fractions and different 
ways to do them 


Z hye Gis 
oe Ret eS 


Gave pages 5 and 6 of practice exercises 


School ),B: 

Use of y* key 

Tangent function--flagpole height (this arose in 
response to a question) 

Interviewed students about 2/3 of the time 


Week 3x bessons,'/, 43700) 


Timed test on very simple calculations--with 
calculator compared to time without the calculator 
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Telephone number problem--make your calculator show 
your telephone number by minimum number of moves and 
using only (0,21, + (and possible.=) 

Constants Of operations using the calculator 

Hitting a target number from a given number--using 
multiplication and keeping the guesses to a minimum 

Estimation of Cost--worksheet 

Two ratio of costs problems--Macleans magazine (cost 
for two different lengths of time)--Pears soap cost 
(which is the better buy--large or small bar) 

Gave pages 7, 8 and 9 of practice sheets 
Guesstimation page--worked several examples as models 

Reviewed calculation of percent or error (needed to 
do the worksheet where costs displayed in circles were 
to be estimated and calculated--Appendix C) 

Reviewed sequences (15, 17.5, 20, 22.5, ; . 


’ Pee 


Reviewed use of reciprocal key (1/x) 

How do you recognize some decimals to be repeating 
decimals from the display .(3.272727372s really 3227 =- 
the 3 comes from the rounding done automatically by the 
calculator) 

Function of the = key--it completes all calculations 
pending to that point--how to use it properly in such 


; 75 3+>18 : 
questions as Dw which can become 


75 +18 = + (12 X 7 = . The first = sign is necessary 
to complete 75 + 18 so that the sum is divided by the 
product,of 12 and.7.. .Omitting..the =..sign,causes,only 
18 to be divided by the product and then the result 
added to 75. The right parenthesis is not needed as the 
last = sign will automatically complete all pending 
operations correctly. 

Reviewed order of operations 

Did some personal interviews. 


Week «4.-(Lessons 10,11, #12) 


Prepared for Group Test No. 1 with examples 
Gave Group Test No. 1 (students had to give KSS and 


the answer) 
Again did complex fractions and the various ways of 


doing them: 


38 X 14 
L6G psh8 


Gave More Estimations worksheet-discussed briefly what 
is expected 
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Missed one class period--School A because of Teachers' 
Professional Development Day 
--School B because the 
researcher had to leave early (students worked on their 
own with supervision provided by the school) 


Week 5 (Lessons 13, 14, 15) 


Gave one special problem for which KSS and answer 
were to be given: 


g> Brag. an630K £2 


How xn tael25X: 8Hai 


--discussed various ways of doing this 
~~alsougavedaneotherfvariationsofeittfor, further 
practice (did this and discussed ways): 


T5EXi 4 Thm 632Xh 12 Gi 
Lepxddee 2) kiuoouteag) 


Gave Powers worksheet--worked some examples from it 
--Tower of Hanoi problem (discussed and worked it) 
Gave Patterns page 1 worksheet--worked some examples 
Provided some time for students to do previous 
worksheets and get caught up 
Did some interviewing 


Week 6 (Lessons 16, 17, 18) 


Worked on problems involving large numbers--most of 
these were adapted from those appearing in an article in 
the November 1977 Mathematics Teacher 

--how to multiply or divide by 100, 1000, 1 
million, etcetera, when the display is in scientific 
notation 

Powers page--continued--worked some of the problems 

Patterns pages 2 and 3--worked some examples 

Reviewed constant of multiplication as done on the 
calculator 


week 9/, {Lessons 197.20; 21) 


How to enter negative numbers into the calculator 
Gave integers test (Grade 8 Mathematics--Appendix E) 
—-Had) them) dor 3) )11)- 27) 27)730)) Boot the Crade 
8 Mathematics test again showing the KSS and the answer 
Gave the students Mid-project Student Survey to 
complete (Appendix E) 
Gave them Patterns pages 4 and 5 
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Discussed the role of the calculator in their 
mathematics as a result of the Survey which they had 
Just completed 

Began with the work on Fractions--using the 
calculator to help with traditional algorithms 


Week 8 (Lessons 22, 23, 24) 


: v2 x 
Discussed x” andy again 
Gave "Talking" Calculator page (gave instructions 
and examples showing how this is to be done) 
Gave 3 special problems on the chalkboard--students 
had to do them showing the KSS and the final answer 
--one question involved finding the area of a 
Gity Loteb6eGtmipy @s.5am 
--the second asked for the cost of fencing the 
lot at $13.95 per metre 
--the third was a calculation problem: 


aot ee Or 14° pelt se Re is hemp. 10°) + 4000 = 


--students took a long time to get these--had 
them do incorrect ones again after we had a discussion of 
errors 

Did a number of interviews 

Lost one class period at School A because of 
administrative rescheduling for examinations 

At School B did more examples on previously given 
pages and discussed with them the relationship of 
Calcivations SUCH as Als B xX C versus A.x"C- = Band 
showed that they were equal 


Week 9 (Lessons 25, 26, 27) 


Worked on Problems I sheet--gave them assistance 

Gave Group Test No. 2 (were to give KSS and answer) 

Interviewed a considerable portion of the time but 
interrupted this to assist individuals or the class with 
various exercises 

Did percentage problems 

Did conversions of numbers to percent, fractions to 
decimals 


pein GabA + 
Did ARAELA Le ae a eL = and various ways of 


doing this 

Gave Fractions page 1 worksheet 

Discussed Canadian Football field and calculated 
possible (dimensions--implications for possible rule 


changes 


| f = sg beneath ) 
“Bed dd 


Lenob. od f-- ¥ 

esnebyve brs ods tits | ) 
owen Cenk? eat bap 

“6 30 sais of? ies brriyrl 


Rector 


gna ltoaerte: eos on ea zeN tu, 


eds phone? Tie ee. 


peas meet _ Ka + vale 
ne selbtady on Bb i Aen: SW abe ‘ 


tb 

a0: ‘masinenad A teveinint tat) ne 
Bo kt BALMS! OF pabies mba 

nev he “Cawitiveng oO Be meh acid bot a 


ee yeetasnols a Les : 9 ae 
brs G< oe be: muekiy » hal = 


et heres pes Agra rare, As 
Wt) i es By, ge ca dace 


(yerwenia ‘ham’ OBR avio ag ; 
‘thd “emis etd 29 ene <i 
tiv eeele aay £9, athe ie 


shal ‘ 
‘ h ‘ ! Ay 


ke SYSW auohaey ha, 


ris ; 


ghee ew ie hoes 
eLut was eg 10% SROL, Nd 
ee iy a, ° cyan yi ee 


4 


258 


Week ‘10° (Lessons 28, 297° 30) 


Gave rest of Patterns pages and showed examples 
again of how students might approach such problems 

--did adding of natural numbers up to any number 

--beginning with l 
--beginning with any number other than 1 

--sums of cubes of natural numbers beginning 
meri - 

=~Gia Scuares Of 5, P5725) 835 Weeo. “etcetera 

--short way of multiplying by 11 (mentally-- 
checked on the calculator--also used calculator to get 
the product and see if the pattern could be assessed) 

=—#~G0 5% 60) versus 61 X 59 

--addition of odd natural numbers beginning 
with 1 and the relation to squares of natural numbers 

Did how to get exact answers (in such cases as 
232 or in other calculations which go beyond the 8-digit 
normal capacity of the calculator) 

Worked for a large part of the time on fractions 

--dOing them an fraction formi4that 1s, having 
the answers in fraction form) 

--how to reduce fraction by cancelling--using 
factoring in cancelling=--using the calculator to simplify 
the factoring of any number 

Did more of the questions from the Problems I page 


Week. 11 (Lessons 31, 32, 33) 


Did Checkpoint Number 5 -- took the problems up with 
the whole class 
Completed Problems I page 
Continued with more work on fractions and the use of 
factoring in reducing final result to lowest terms 
Worked examples from Fractions worksheets 
--did fractions work in decimal form (not only 
converting mixed numbers to decimals but going on to do 
Operations on such numbers) 
Old fashioned problem (page 4 of Fractions worksheet) 
--in fraction form--very lengthy and difficult 
--also in decimal form--very much shorter and 
much easier to calculate 
TT -calculations from pages 4, 5, and 6 of the 
Fractions worksheets 
Estimation Exercises (three estimations to be done 
for each question--largest selected--verification by use 
of the calculator) 


Week. 12) (Lessons *347 4905850) 


Did Posttests--Canadian Test of Basic Skills . 
(Mathematics Concepts and Mathematics Problem Solving) 
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How, to. tind thesrepetand for fractions: 1n “which, Et 
is beyond the 8-digit capacity of the calculator (1/19, 
Yoo yd OL) 
Further 77-calculations 
Palindromes 
Volume of sphere problem (page 7 of Fractions) 
Puzzle problems (think of a number, double it, add 
7. MULCI pay resutruoy 3, Subtract 45), dividerby) 6 and 
what do you have? Answer: The number you started with) 
--can you make some others of your own 
--how does this look in algebraic form 
--these are easy to follow on the calculator 
and can do several trials in a very short period of time 
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PREA AND) POSTIESTS, 


CHECKPOINTS, GROUP TESTS, OPINION CHECKS 
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ADDITIONAL TEST GIVEN TO STUDENTS 


Grade 8 Mathematics 
7 + S604 Cake 


121 +) 215° + 36 = 
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36 + 24+ 16 = 
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23) 1 Gia tex ae 
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27) 03698 + -43 = 


28)  =-1736- 5°=-31 


29) 1024 + -64 = 


30) -2583 + -21 
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Sroup Test No.71 


Do each question by showing KSS (Keystroke Sequence) and 
the® final answer. The first is done for you. Underline 
KSS. 

LT Te Be V aie ate co ae 75 + 69 = 144 

2a) LOO FE BO] KeSy v= 

Bean ood (tl NEO Osta 2 eS er 

4s 783.47 = 69.874 = 

Deh eneoae ey ] = 4096 

6. 643)+ 92944 [ ] = 2617 

7. 948 + 948 + 948 + 948 + 948 + 948 + 948 + 948 = 


Bis (B47 3X 0 


Ons Lee hie oo 


1). ~The, product’ ot 768) andé¢237 
11. 0.010816 = 0.00104 = 
12. ‘S88°X 883° 224 49> 


sls Wagan gow Sia as (Pa mas Be ete Sy 


14. SUS Se cae PSte Se 
16x 7-18 + 64 

Deke 2460, 1425.5), Sona, 

ee 0867, 028. 01) Leuetoos, 


In the next one hit the target by multiplication. 
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Group Test No. 2 9th Week 


For all of the following give me the KSS as well as the 


answer: 

7300s RGA 9.8) 

2) Do the first! one again but this time get the correct 
answer without using parentheses or memory. (Give 
both KSS and answer) 

3). Bind) the Tiftth tpower of 66! 

4) Do 3) in a second way. 

Boe UO oo. ee UT a TG Way S 

6) Express = as a decimal. 

7) Round the answer from 6) to nearest thousandth. 

8) Express =2 as a percent. 

8) oe eee 
Os eae at die 15, oh I ee he 

10) Give “answer from’'9)’-correct to nearest tenth. 
11) Do 9) another way showing a different KSS that will 


get the correct answer. 
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MID-PROJECT STUDENT SURVEY 


Have you used your calculator outside of school (do 
not count your work on calculator work sheets which 
I gave you)? Yes 


No 


If you did, approximately how many times did you use 
Lie 


i 2 SHREOLS 6 SEO RED more than 10 


rs 


If you did, explain how you used it and give examples 
of the sorts of questions you have done or for what 
sorts of topics you used the calculator. 


Have you used your calculator in school in other 
subjects besides mathematics? Yes No 


If you did, approximately how many times did you use 
Peres 


a 2 Ep gene) SS) 6 EO LG more than 10 


If you did, give examples of the kinds of questions 
you did even if you can't remember specific numbers. 


Do you regularly take your calculator home? 
Yes No (Regularly means almost every 


night unless: you. just) happen ‘to forger). ft you 
do tell me why you take it home: 
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6) 


2) 


If you do not tell me why you do not: 


Do you usually carry your calculator with you 
throughout your school day? Yes No 


If you do tell me why you do: 


Lf you do not tell: me why you do not: 


For what kinds of mathematics questions have you 
found that your calculator is the most useful? 


From your work with the calculator so far would you 
recommend that all grade 8 students should have 
calculators for their personal use in school (don't 
worry about who would buy them)? Yes No 


Why or why not? 


Can you name any problems that could happen if all 
grade 8 students had calculators at all times? 


What kinds of things do you particularly like about 
the calculator you are using? 
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10) 


it) 


What kinds of things do you think are not very good 
about the calculator you are using? 


Are there any kinds of calculations that you find 
ObELVCULE SLO ido On youricgalculator? 


If there are any other comments you wish to make 
about calculators and their use please do so: 
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3) 


i) 


2) 


3) 


CHECKPOINT NUMBER 


Factor 60214 


Multiply 589 764 by itself 


BS) OF aS 


DO) 757k) 93 64 Bey 


CHECKPOINT NUMBER 


How would you do the following? 
ole PIS AMP, Gatt Se 
Ib) Ae aa Bk oo A tes UA 
Cc). 768 * 768 + 768 +° 768 = 
G)r S76 = LOO) = | 
e) 2 476 345 X 1000 = 
Eye 
g) 247 + 100.= 


hy 9 X Bie 
(86. X) 86) 4 497) Xe tly = 


Do this mentally: 
(4 t+ $60 /X 43). X_ 3 AA 


Write your answer. 
Now do 1t on the “calculator. 


Did “you *gét “the “same-/answer? 
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CHECKPOINT NUMBER 3 


Factor 9555. 


CHECKPOINT NUMBER 4 


Change = to a decimal 


Change 


Complete this fraction 


Put the correct sign ( 
tractions. 


ie at Ze 


12 36 


to a decimal 


ral hak < 


and writes tyconrectitorthe 


nearest thousandth. 


, OY = ) between these two 


CHECKPOINT NUMBER 5 
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NUMBERs6 f=-WFINAL 


using the constant key do the following: 


TE7 974 92 Bet F699 6.8 mG 76.52% 2 ‘ 

SUSs (Oo. yu teo 2S. fa 24 2868.2. AA r 
find G3. OL -2+67': 

What percent is 98 of 140? 

78% of some number is 1833. What is that number? 


If radio waves travel at a speed of 300 000 km/s 


how many seconds 
earth to reach a 
billion km away? 


would it take a radio signal from 
place “in “space which is 1325 


How many minutes is this? 
How many hours is this? 
16 LoVe: 
Change 1855 Love Lractlion: 1855 Sra 


Then change 


Lt LOyd 


new fraction as shown: 


Do this question in the usual fraction form: 
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i 


3 2 
tits = 
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ie) 


Do this question 


4 14 
275 Xx 367 


Do this question 
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185 las 


in the usual fraction form: 


in decimal form: 
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Do this question in decimal form: 


7 es 
3355 f*oo 


a) Estimate the answer to this question: 
Belts Vos ks SO es 
b) Calculate the answer for a). 
c) How much were you out from the actual answer? 
d) Is that more or less than 10% of the actual 


answer? 


Just for something to do a grade 8 student decided 
to calculate how much it° would cost him to have a 
hamburger everyday of the year for a whole year 
(365 days) 

The hamburger he had in mind costs 85¢ 

He did the calculation and said it would cost him 
S 348 0253. 

What would you say to him if he told you that? 


a) Find, by trying out different values, what the 
answer is to the following: 


Ue ak anes parm Gang | ss 0385 


b) Calculate the answer for a) without guessing. 


Do the following addition: 
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Find? the area of) a cinele-of radius, of116 cm. 


Calculate the following: 
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RATIONAL NUMBERS (Pretest) 
PART I Your Name 


Circle the letter corresponding to your choice for the 
answer. Do your calculations on the paper provided. 


ie, 3 ln 424+53 365740 501344 21 = 
Ag. 41.553 B. 60.9934 C39 5 Do aU oe 


2. Another way to write 5 degrees below zero is 
As op wae 25° PR Gm Ds oe, 
5 
34 <9 + 43.2 
A. —52 B. -34 Co, 434 D. +52 
4, An example-of the additive identity sproperty is 


24 X 0 = 0 Bit at 10 os CeO 4= 0 
De 2A 2 3s 


5. The set of numbers which are both whole numbers and 
integers is 


Am Soe (7 Bag Bilis kee ee 
Use: lena CaaS Ey AM ie dang alee 
63. If the additive inverse of a number is 5, then the sum 
of the additive inverse and the number is 
Bie) Bee ‘avers i oho aes) 
5 
Pere=25 - 8.= 
Awl a7 Be Le Cu. =33 D. +33 


8. Which of the following is NOT a rational number? 
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ll. Which of the following statements is true? 
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12. Which of the following is true? 
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PART if 


Do the calculations shown for 15. 60 26. 
Use the paper provided and hand that in with your test 


paper. 
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What is the fractional equivalent of -0.725? 
Arrenge these numbers in ascending order: 


07.5 O20375 


zt 3 
3 8 


Find the value of ae a Oke eG), =o and 
oe ce Bie ee 


If 14X - 2% = 8x + -2%, then what is x equal to? 


If %x = =: , then what is x equal to? 
Solve for x; x + =x = 2h 
Solve. for ne 7x To Ril eO a Soe arian To 


Are the following fractions equivalent? Show your 
work. 
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cEpgde te tees 


What number wnen divided by 8 yields a quotient of 
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36. The sum of three numbers is 132. The second number 
is 4 times the first and the third “is. 7 times: the 
first. Find the numbers. 
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RATE, RATIO AND PERCENT (Pretest) 


PART I Your Name 


Circle the letter corresponding to your choice for the 
answer. Do your calculations on the paper provided. 
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1% expressed aS a percent is 
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As a decimal 335 percent is 
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John gets an allowance of $8.80. If he spends : of 
it then the amount he still has is 


Net 38 PGS) Be ost C; $2.20 D. $6.60 


Aiitlag pole 15m ifong cast..a. shadows molong. wii r 
the shadow cast by a spruce tree, at the same time, 
is 40 m long, the tree height is 
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Mary received 60% on a test. If there were 50 
questions on the test the number of questions Mary 


had correct was 
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Do the following questions on the paper provided and hand 
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Convert 
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YOur Gest paper. 


to a percent. 


Convert 240% to the equivalent basic fractional form. 


Express 12 as a percent. 


Express 0 
Express 0 
Solve for 
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Solve for 
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-023 aS a percent. 
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-05 percent as a decimal. 
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Suppose that the Progressive Conservative party won 
4 out of 5 seats in the 265 seat House of Commons. 
How many seats did they win? 


Canada has a population of approximately 22 000 000. 
If 30% of Canada's population is bilingual, how many 
Canadians speak two languages? 


My two year old sister takes 9 steps to go as far as 
I do in 2 steps. At this rate how many steps will she 
have to take to cover the distance I go in 360 steps? 


In a school election, Dan received five votes to every 
two votes Andy received. If Andy received 120 votes, 
how many did Dan receive? 


After travelling 600 km we had covered 60% of our trip. 
How many kilometres will we travel in the whole trip? 
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RATIONAL NUMBERS (Posttest) 


PART Your Name 


Circle the letter corresponding to your choice for the 
answer. Do your calculations on the paper provided. 


ac 


Qe 62 Sai on PaO Oa oe 23> 

A. 76,80 Bava 3745 CEOS lens D, (41,6045 
Jim has $26 in a bank account and writes a cheque for 
$29. His bank balance can be represented by 

As, 2905126) "Be 26)—..29 C. 26 - 29 D. -26 - 29 


-24 + -48 + 34 = 
A. -106 B. -38 CO Wea D. +106 

The identity element for multiplication is illustrated 
in: 

Aue LS Xe Amt id ula ene, eee 
Cee 5 eK eal eS oe Dig Helos ae: 


tee, 


The set of whole numbers does NOT include which of the 
following sets: 


AyD URE sears pre tet Ce rea rd 

De & 

The expression which illustrates the additive inverse 

property is 
al 


— at = : aes .7- + = 
At, -4.t R 0 Tee eet 7 0 C “ 4 0 
D. 4 + -4 = 0 
-24 + -48 - 34 = 
Aner 6 By 0D Coase Di LU 


Which of the following is NOT a rational number? 
Re Be (6:40 Ae ou ee D. -4 


: ay 3 vf! ,. oa re j } | OB 8 na’ TT _ pit i ‘ids Ei “Helarsigxe 9 b 


- pe ays Dye i) io Son eie rene ae | ix Aedes 
A my, a a ve hie 7 vl 7 cera? a i na i te ay 


iy 
CNS 
i 7 { 
1 | if ai ’ 
po yg a ae 
{ a if 
a bf ny 
7 } \ / gira ie 
oh mh i t 
- \ tai } i . 
| ea RENT, sanorra” 
\ } i 
Nes cee 
{ rm | 
eal daeee enna ams ro ayn 
4 ie repaint 
be a 
, beblvera’ 296 ) . 
e Bl ae)? bis eat oe en, i : 7 & 
2 oe ; Pay oem ¢ £0.09" { 2 a cout) 
“ Ps a? i } if it 7 wer ont y ay 
‘ —s. >. ; nyt +k 3 +o + sae 
2 &0e av ok “BOVE mr ys wll ae A gy St are : as 
= r : 7 y ' ih ua ay. Pier AT r “ot 
% wipbets' eo sed ixw ben. te OME ‘kasd a ft 3 ce ue ad mtv. * . 
we Es ¥ -- Le 5 ey" aie 4 
“i es owes he Ass bad hie LOO AHS <t 4 | ( 288% 
ee” ai es ee Pe ty at -i 
Of uw 4 ~ ee - oy es be, oD en. i. as at mie 
= " : on 
; ; i | (bE + Bb ot TRS 
oh Lie +3 in f a vi 
yO er Pr ae ‘Bie a cA. yer 
taugeniis ei netzeoliqiaiem 298 snome te Ne hte } 
re ii i ; ie i j Pek on a 
; } ms 7 
a L we f La: Oe i. a. aw et 
ii A ies See oe 
rh ’ Ar a a a 
oer, j bs ; : i % : | : = Pol : ea, : ; 
to doniw eteloat TOU speed Srectags: eLoriw. 3o tee sat 
; uaa 1 ree OO Sate x, oniwol fot ; 
j 4 . oR be 
, i : \ = r } c is 6 are ; ee 7 o \ : 
; ~ ; Tre { iT vie) Pi Pa eee ae 
ae i. ao Pale ae, +s 
= aut ae ny ee ce jan Oh oe ini 
y 7 i oe m 


Pre 


Pe: ga re i iene 
; ny ’ 


, i fain ad iy 
; Nika OM ue 
_ . b= ae | - 
} a 1 i 
- 
oe j 
f \8 bh ; - 
aor .e athe 
 Reioclomay, kpaciae i 
Fi 4 m | ne on ye it 
* pe a nT Li hie ? ofl eel Peed ° 
i 3M, Mi v4 hina" AD id a 
G i P| s : 
4 Alsi) 
‘it a ; Ex 
tt \ 
ait \ j y 
7 ie 
' os » i 


10. 


lo 


ae 


Lote 


be ee 


-l= + 34 = 

ays ol L 
A 4c B 27 Ce +4e Datos 
£22 EWR 

7 14 

-41 -47 25 19 
VN ae fF B. TFA Gx ee 1D) Tee 


Which of the following statements is true? 


A. 461 Be eAG1 ( Ca aed 
se > 18.44 =se = 18.44 93 £18.44 
Dirdol ie 
ae = 18.4 


Which of the following is true? 


aie oor e to peel nal De ED ae ll co Fane 
Joi. ste ey Mi aes sa Deiat Big San acting ed 

me Steady band LY Wee Sanat rg  L 
cease ELAR ORE: 2 hay 4 eaSpeaeesNC dood 


The number is’ the solution for the condition: 


bi - a8 -7 T 2 adh — _> 
Aes oe => a = 38 Bie ops a 6 T2 

1 ee se Ue en ne ice as 
cs 73 +. <a = Di. 5 = F 


What is the decimal equivalent of $ fe 


inte 15 Devey sd 


D 
oO 
a | 
tw 
| 
Phos) 


2719 


Fl ee sly Pen, i vik ‘Au ‘ i. 
wae me Xs ve Si a oF = 8G, ie of 
‘" c. Fk oh ‘yu enema 


rags tees ertd x0% selgusoe ‘eit # oe 


ei “ h 


yb in “ie o) | ike mer fe ’ 
aril 4 ae stabi "tall a er m 
ate 


i hi j - 
’ Bib .c ar 7 at r i fet’ oe ie ‘Fo 
rah i H fr 1 j ara ! 
~ & 
} ‘ i ; , ea et 
‘ 
, a -. ; ; 
: na 
\ 
, ne } 
i P 
i de lue wy a i 
Rep j ao, 
vA vi ’ 
/ : We 
' 4 7 
i j 
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BART IL 


VO; che calculationsesnewn for 1524 to 26r 

Use the paper provided and hand that in with your test 
paper. 

ee 12 et hes re 

Boe 16 +738" — ees L2h= 

PU ARB Soe CA Zo ee) 


1007 +6. X -7eK -44 = 


-,2 2 3 Ommy 
1 
20. 137 
5 
ae 
bl 
Vee 
2. whatine 
8 3 
Doe hae as Gaels 
aaah 


Dis fo 
a ie 1s > 36 


lead ery 
Bae ree 
3 = 
26 ~19Is + 16 


27. What is the fractional equivalent of -0.675°? 


F wd ty Via yea ne mi 
Al \ *@ kh ae hl a 
re tae) Meo PTR ps 
: my Satan nn 
ee y Way g 
i P 
08s 4 Ray 
. ’ | 
4 Ry vs i j we fi 
4 ne i ; 
ie 5 i 
' : 5 
; a 1 W INer 
ie Be Lar a 
ee ) a a 
Soren i) i 
= 1 
‘f 
i 
” ¥ 
e 
id t f ; 
‘4 = : Pea nie ie 
j rie ' ae tng if . 7 gee 
SH se Line : 
<< MY ¥ . { ban “i 
+ va a ry 
f ‘f hy. 
~ f ‘Vu 
Tan tbl 
i Tie 8 
Ing Ag j 
us a 
a 
7 S 
\ 
7 > 
pee 
2 7 5 2 
\ 
| 
} 
9 
ie 
= 
i b .% § 
«Sy = 6 
ey + 
Pa ) 
1 My ee 1 i 
f Wed) 
> ; eu 
! 
oC 
= A Lad 
t 
? q 
iu 
i Hh 
zy 
t 
\ 


sen dt- aie Gaplhaviiope tsnotsseet en ‘al sadW 


‘ 
i ‘ ‘ . 
{ i ‘ 
4 
a f i 
ri 
n 
i 
; ‘ 
a : 4 


20. 


Zo 


30). 


Sas 


32. 


oo s 


34. 


5. 


36. 
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Arrange these numbers in ascending order: 


D1 0.0475 


oo] 


> 
9 
Evaluate 4m - 14m, if m = = 


Dee Ne ne. = ho kek a6 e. , then what is x equal to? 


4 4 
Ai 25 : 
a ibe x Bx = ae then what is x equal to? 
1 ToLee ~5 
Solve for x; 7% + 3x = 25 
Spite forehead ena 
; 14 14 


Are the following fractions equivalent? Show your 
work. 


18 
23 


bh 
~~ 


and 


ho 
ff 


What number when divided by 7 yields a quotient of 13? 


The sum of three numbers is 154. The second number is 
2 -taimes the firsteand the third: is) 7 timestthe first. 
Find the numbers. 


DA Lg eae A bien hay vi 


| hi ey 7 "Al Mth mays aye 


Wh Viki 
Hise voce ey ; 
1 Ne fey uy A 
te) vie iW ii 
L k +) ’ 1 f 
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Lt ( 
pa 
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eet an 

‘4 
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be. 


= 


and i . ni J % ‘a Ms 
ey yi bh - 0 a Vs 
yt eT ieee ‘ . ey . 
; ee sot ov 
j fi eet "eA, " | ; . 
; Wl ie | ; A o , 
eA 


i na 
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ae 
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x 
N 


s2oy woe ToheLevtups 


i to sambsomp. * paipiy aaintvae ncn or 
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we 
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uJ 


282 


RATE, RATIO AND PERCENT (Posttest) 
PART I Your Name 


Circle the letter corresponding to your choice for the 
answer. Do your calculations on the paper provided. 


a = a y then Ls 
Lay Bi ELS Cares Dae i281: 


ee) Lit 


Ay 


A. 40 Be 20 C45 DS 
2 12 expressed as a percent is 
A. 78 Be se Gig ese te 175% 
4. As a decimal 665 percent is 
me 5 Bubose «. Carcone De 0% 06 
I, 
svi z 3 Of 630.000 1s 
ALO B.. / £00 Cs. L006 Dew 0 3600 
6. Jim earned $9.40. If he spends % of it, then he 
Still has 
AES 2325 BOoLs7r05 @, £90588 Da sihss2 
7. There are 28 students in the mathematics class. The 


boys outnumber) the: giris 3) torl.. The number of boys 
in the class is 


AS a20 Beco Cor Devrew 


8. Joan received 70% on a test. If there were 80 
questions on the test, the number of questions Joan 
had correct was 


Az 56 B. 1145 Ch eLo0 Di. 24 


onl cehgeiee anys 
. ne vena 


sy 


revi 


C00, OL 


Bi 


acd @ j 


re? 


ai 
wea LG co. remedan 
ae ave te i.) Oe: we atnle ait sedmuntio eyod 


mS 


08 exew sredt Oe peed 6) no #00, beviesss msot . .8) 
neol enoryeeup 20 we lial yaae? ad no Bkoltseup 


eX 


Me v te j wee 


— 


“iar riers 24 30 Fehon on 9 


Sr 


2, Bs v8 ‘ 


ea v 


£@ «20 


i} et of, 


d 
be Bt! ah ; 
col fie 


le nal al srevsed, ie 


“ ‘od 
gl et 


at a ie Erie 


eh. 


ens ; We 


; ve ii Ue 


O00E uh oo)? oO .8 


88. £8" .2 | bore a a RE. Se A 
ai aeadbuse es ete wr8a? 7s tee 
a By et ayy edd of 


f ? 


ee ee a ae Mr 7 


= 


| Bow SORE TOR sii 
Se Ba peas oe Ae See ar 
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PART ld 


Do the following questions on the paper provided and hand 
that in with your test paper. 


o% 


POs. 
DLW 
ee 
a3) 
14. 
5% 
oes 
“iy a 


18. 


eee 


AO 


ra es 


paw 


ConvertinwsS to a percent. 
fis 


Convert 540% to the equivalent basic fractional form. 
Express 16 aS a percent. 

Express 0.034 as a percent. 

Express 0.04 percent as a decimal. 

Solve. for: n>; -ns.of° 48"%is 12 

Selve ftor.nm ; 502 ef¢neis 74 

SOLlVe TOD nis GL et rot 6 as in 

Solve for n- 3 95018 meeor 90 


Suppose that Edmonton Oilers won 2 of their league 


games. In a seventy game schedule how many games did 
they win? 


in 1961, 45% of Alberta's population of, k.3s2' 000 
were of British origin. How many people were of 
British origin? 


An airplane travels 58 km in the time our car goes 
7 km. How far could we go in our car in the time that 
the airplane takes to go 4640 km? 


Mary earns seven dollars for every four dollars that 
her sister Myrna earns. If Myrna earns $148, how much 
will Mary earn in that time? 


After travelling for 900 km we had covered 80% of our 
trip. How many kilometres will we travel in the whole 


tripe 


seat AA oa’ f 
pe ova 52.20 ; toms oy 
«a a rat LT ie, i 
iy a Oe, ss 
Ae Tithe 


oe te fa ek: ey, 4 302 baie a 1 


eugsed titers Yo = flow euntte: ccoabie one 
bib eemep bal woe! atvbedow enti er. a 


“a mh IR 
oe ’ ry 


oe ste : te peers ena | . 
to s1ew eins Yona ai “adele 


f 


o>) eR wep) kee: pra ert es, veg: easier ansigqais bh 108). 95 
jor omis ar as: hae Le.) Gre aa flues Br treet i 1 a 
Ohth OY 99 re ACR ay ; a 


rere sted Lab’ ane vusve oe! wet Ion ‘pares erzke yam: 2c 
tow wort diy anise abit” r ~anthe srry. zedate son a 
ba bl ems rach alae cram: Lice, wee 


“ELS, ry "408 en Es bad ow ae one a oni leven: te22A....58 


slotiw ofy at Levexs aw i ail snicainein ae or woH .aia7 ui 
Sqiz2 


\ | a 7 las a q ; : : ; p 
Dye ah lay i y ra ; vo ‘ ie 
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ADDITION CHECK 


main 


Time: 


Work down the columns. 
Do not omit any. 


nou it 
omor 
+ ++ 
Aon 


Hon i 
™ = 0 
+++ 
Oo f- 


non 
tse XO 
+ ++ 
N OO) 


noi 
bs Le) 
++ 
(0. 9)K9.9) 


Hou 
CON 
++ 
oo 


not 
ns 
+ + 
Cy, OD 


Hou won 
oo owWM oO 
t++++ + 
~twour 


nnn tl 
it) [~ [~ o7v = 
+++++ 
tronon 


Hunn 
~~ Orfre-w 
t++++ 4+ 
Oo ON OO 


nnenon a 
co W —f~ oc © 
++ +++ 
MoE Ss5) [pelo a) (a6) 


US Teal ees PST 
ANODO 
teett 
comm two 


nuowou 
OO =t-N = 1 
++ +44 


st 0M™ st 


Huu wn 
ON st COM 
++ +44 
Gir OV AO Er 


nono won 
Node wow 
tet tt 
@amMmwM WHO 


Houeon nu 
Qos St rod 
t++++4+ 
a) 0 ™ orm 


Hnunn 
CO EAN ft 
t+tett 


N a0 oO) 


noun wl 
NAN two 
+++ 4+ 
~ MOND 


+0 to won 
Overt MO wo © 
+++ ++ 
MAonmmM wo 


“i ~ co es By) ata dll 
ae eet as" 


iy Wii ‘ 


2 i he fase. 
am Pic Mes rs 
| Lh ae 
7 , ti 
‘ 
i ; ri 
ess Te te 
‘ ‘ ald 
| Ms ; } i : ‘ nh 
i Mi, 
r ws} 


el herenenmemmemnemet ial 
a'p.via os oe 
") hei Peet ee ® Ty * f ‘ 
Pa he 
ae ‘ aR SANE AST GR pes 
“8 + 0 ie: eT i cia kt ar 
puke ua 0 Mica 
' p , Ds HT eit oh 
ey ak ae Pa niowet ae 
= oe + sf i: x a} 7 a | eer Bi 
wi a A, (if ive Cal 
=o f+ e : nm ay - 
ALY 7 ay," =e Ye 
Pha 8 * , » oe anh, i \ 
j x *~ t ba i i j ne me ne 7 a i, : i i om : be 
(a A ies i Sy epee 
Ve ihe iv ire if 7 bie uit 
1 £ a . 5 } #8 + #& i 
St Bi A Oe 
: mi g''+ La f i dle a ¥ ; f ; 
nil x’ BS ¢ ; } ey ,, : =a * al oI 
a te ee | eh a ih 
“1 F © va we 
7 per nee rR ae ori j i 


1 : a } 
oh Hi 
id iM or 
4 i 
; h2 
4 - a ii 


SUBTRACTION CHECK 


Work down the columns. Time: 


DO. not omit. any: 


Le A ox Air 3 f= Oe = 
Loe) 7 13 - 4 = JO ee 
| ce et ih he a oe 
8 - 4 = Seo. = ize 
ys Bos LOSS Se = oa 
oro. = 127 =" 9" = tex 
i tO” Las ae] = ore 
in: ai! Loam oes LHe iat 
SU eet 2 Nie L44=—"6" = c= 
HP" 25s LO Pe = 27 
SHU oot ab ae 13 ae Zi 
Cee 2. e . bedeoaehin? eat a cog 
6 le A Bl Neen Std ste 
2 otal 8 L0¢ a> = Co 
Lon OO = Dy ashi A: 14 
Ge—= 57S 14 - 6 = Lhe 
pon 7e= 166-92 = Pai 
Lon-o4= ga_e3t Rohe 
i5h-0 7h = 122-49¥— Bue 
Soe ae oer 7K 
[1k-77%= gt hi 3% e5%- 
See 47 = 9 - 8 = es 
ato. 15°-\69= TOK. 
7 ee 16) "98s [3% 
3-2 6" = Lier ar Cio 


On @OON~ AIO WOD N W~) OO rHOwm NM 
Hou uw ue 


® & ~I & OO 


gue sa ah 


US eats At 


min 
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~ 
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“oe a > fe 


Ree ee 


ee 


+ 


i2 
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pe 941 
7% 
in 


oa 


a 


wone-t.} 


7 


ve 


" 
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MULTIPLICATION CHECK 


1 Min 


Time: 


Work down the columns. 
DO not omit any. 


nou tou 
ood = 
PS PS OG PS PS 
Oo AN wo 


uuu wl 
™ HOOD 
x Mx XX 
OnDANWr 


uu wea 
Nwtowost 
mM rs OM OOS 
ANTON 


ee | 
00 = 10 
mS PS PS OK OS 
ma w= 


th ent 
oT COUN 
PS PS OMS OS OS 
wAomMoa 


nu wou 
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OW DOD 
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Baha oder h4 
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SSS est 
i Cs O07) 
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rKawnwo 


uuu wl 
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rou We ul 
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ee | 
0 Bh ee: 
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oie ee 
aot e 
oe i ee cB tn 
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_ pee ei 
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ee a hy 
en’ 
270 KN 
; my x a neg 
‘ ieee 
a $'R 2 
~ @ %¥ie 
a Re 
"te By 
reeset ~vasats 91 
{ i } A 


Work down the columns. 


Do not omit any. 


-f- 


m WN W- 


oad On Ba 
Ho Oy UE 


Hm OF U1 OO ~J 


ANN WW ~] 


Hou wt uu 


Le | Fame ee See 
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DIVISION CHECK 


Time: 
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ee) 
of- ms oy of. oe 


WO .& OV ~~) W 


uw uu 


oO el OL OV ~J \O ~) CO U1 OV 00 
ae |e a ea 
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Ele rabaeh 
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ie 


a 2 
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a he 
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ESTIMATION CHECK 


For each of the following give your estimation of the 
right answer. A few examples are given. 


Examples: 16 + 28 45. (thinking 21904230) 
8 X 43 S20“ (thinkingss xX .40) 

ED Ge 1257 6200 (thanks Aon osexe7 0) 

30 .¢thinking,70-- 40 

Oris = 248 

er 80e7- 50) 


You do not need to write down why 
you estimated what you did: 


Estimate Estimate 

Lee 2 29 Zs 80.15% P90 

Ze LOS Reg 43 3977" 2 

Se Oe KG 64 -LIAXA? 

72" G0s 2208 Se 2a7V+7 267 

OF M95 X69 LOs, - 2SexX9 
LLP PST F998 + 157 12%. b2S3 <8 79 
LS ao ed PO a ea 
I5y 4 804" 39 iG es “F6O"—2231 
LOM ae Sea HS 2635 +925 
LOR esos os 20% 5 297 2X" 39 
2LeF SLOF +347 22; 98%=*5 
i i ogi Ss a 2 24% > 3984-8247 


255" Gora Ss 
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oer #06: 
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"¢ & ec. 
Swix ee 

che vhs 
coe 


Oreo Chet 


‘wae 
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Sh 
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FINAL ESTIMATION CHECK -- No. 2 

34 X 65 = 240° 4700 x7 4. 9"= 
O86 the) Grae 25.5) LS Apa ee 
150, = 260) = Ore IO Or Keto 8 

OD SCL Pee GI aoe REE Ea Ae ROM ea: 

30 X 48 = 28. L176 = 445 °= 
8473 + 4763 = 28 NG koa 

64 > 36 = Jeet eee oe eLeL pee 

TED GOR he aly C1 SU ae ee ol 


Peas rs ie 29) WD e2o re 


1000 - 489 = Eco Mice cee 
7054 + 120 = 34%.) 19003 240" = 

378 X 5 = 7 riod Cup ere py oie te 

898 + 348 = eid Gb Ee Abe ie 

78 + 89 X¥9 = a7 ies x 240 

97 X 89 = 38... 65 X 9 X 97) = 
20471700 = 39. 78 X 19+ 8 = 

4X 4k ook 4 Ke ede 40. 1583 - 1460 + 235 = 
V7 89) 4.27 = AL i Ath RO] De 

483 - 47 - 56 = 43, 420% 92) = 

48 X 48 = ASA 7 Bee nee 

35 + 21 = CET Mie eae 1s 

197 o.0. bok ee 25 wir Ope eso ers aise 


CRS pte 22 o hl? EG M0 ELS 4 35 
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i } i f fe, fF he i { * 1 
Al Wy ay hy i 
A ep Wh aN 1 We Py 
Vie" ie 
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’ Ae Lae q ae Dua 
st 3 ta cree, ‘GRA Deng 
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« en cniere) ee) 1 oes 
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ee Mee. ee) UL Ms 
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- f2 ds Pane Mew Fa Gee ean 
a) 3 » SER Yeis ou ay ys E hd wm BE: 80 
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OPINION CHECK 


Underline the one that you think best describes your 
feelings. Since this depends on your feelings, there 
are not right or wrong answers. Just give your honest 
opinion. 


SD -- means Strongly Disagree D -- means Disagree 
U -- means Undecided A -- means Agree 
SA -- means Strongly Agree 


1. I enjoy working on my mathematics homework. 
SD D U A SA 


2. Mathematics is an enjoyable subject to me. 
SD D U A SA 


3. Mathematics makes me feel uneasy and confused. 
SD D U A SA 


4. I like to do mathematical questions in other subjects 
and outside of school. 
SD D U A SA 


5. When we have to do mathematics, I get nervous and 
uncomfortable 
SD D U A SA 


6. I have always liked mathematics in school. 
SD D U A SA 


7. Mathematics is a dull and boring subject. 
SD D U A SA 


8. I am interested in studying more mathematics in 
Senior High. School: 
SD D U A SA 


9. I have never liked mathematics and it is my most 
dreaded subject. 
SD D U A SA 
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10. I am interested and willing to take more mathematics 
when I shall have the opportunity. 
SD D U A SA 


ll. Mathematics is not a very practical subject and we 
shouldsdo.,less of .itiin.™school.. 
SD D U A SA 


12. I like to work on mathematics and help other students 
eH ab WO he 
sD D U A SA 


13.. I. enjoy trying difficult questions in,mathematics 
whenever these come up in class. 
SD D U A SA 
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OPINION CHECK --- Parents 


This survey is an attempt to obtain your present opinion 
on the use of minicaiculators.in-the school” You are 
being asked these questions because your child is 
participating in a project using a minicalculator in 
mathematics. Your opinions will help form an overall 
assessment on the status of minicalculators in the 
schools. 

Names of students or parents will not appear in any final 
statements that may be made as a result of this project. 


1. Do you have any calculators in your home at present? 
Yes No 
Pe LE VOU, OS have any calculator(s) ,Wiaspyourachild allowed 
to use them (it) if he or she wishes? 
Yes No 


If there are any restrictions on its use, please 
indicate these. 


3. In general do you favor the use of minicalculators to 
some extent in Junior High School? 
Yes No 
4, In what way might the use of the minicalculator in the 


grade 8 classroom affect your child's performance in 
basic computational skills? 


Hinder Have little or no effect 
Improve No opinion 
5. In what way might the use of the minicalculator in the 


grade 8 classroom affect your child's overall perfor- 
mance in mathematics? 


Hinder Have little or no effect 
Improve No opinion 
6.\. In what way might the use of the minicaiculator in the 
grade 8 classroom affect your child's attitude towards 
mathematics? 
Hinder Have little or no effect 


Improve No opinion 
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Will the use of the minicalculator in the grade 8 
classroom make your child dependent on it in the 
performance of basic skills? 

Highly dependent Dependent to a slight 


Not dependent pees 


No opinion 


Should the Edmonton Public School System permit the 
use of the minicalculator in the grade 8 classroom? 
Yes No No opinion 


If you said "Yes" to number 8, should the 
mMinicalculator be permitted for all subjects? 
Yes No No Opinion 


If you said "Yes" to number 8, should the 
minicalculator be permitted when students are 
writing tests? 

Yes No No opinion 


Should the Edmonton Public School System provide 
instruction to its students in the use of the 
minicalculator? 

Yes No No opinion 


If you said "Yes" to number 11, in what grade do you 
think instruction should begin? 

12 10 a) Below 7 

cM 9 7 


If you wish, make any comments you like about the 
use of minicalculators in the school. 
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APPENDIX F 


CALCULATOR STUDENTS 
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Student Age LO* Final Grade 7 
(by Code Number) UStart of School Mathematics 
Project) Mark (3%) 

bee oe ks td 13~11 126 tee 
1 Peoga yl We OP 13-1 108 45 
M - 113 3-11 106 70 
F - 114 14-1 67 35 
M~ 115 13-3 eye Ns 70 
|S aR BS i3=3 o2 60 
Mow 117 13-8 89 60 
M - 118 13-6 98 45 
ir ts 9 > Te) 80 
Fo=— 120 15-0 403 42 

M- 121 15-4 83 Ci(in Special 

Ba. class) 
M - 122 L3=6 229 58 
M - 123 13-7 108 69 
M - 124 13=4 LOZ 78 

Ree ea eat ed ee OY 2k re ee A, MeO el Re ee ee 
M - 125 14-9 85 59 
Fo =) 126 14+1 96 82 


*Canadian Lorge Thorndike Test 
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OBSERVATIONS FROM THE PILOT STUDY 
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OBSERVATIONS FROM THE PILOT PROJECT 


The following observations, presented in no 
particular order, were made as a result of the experiences 
during the pilot study: 

1. Even though students have been exposed tc 
calculators and may even have them at home, they do not 
know how to use them efficiently. They seem to know only 
how to carry out the four basic operations. 

2. Several students commented that many questions 
were boring because they were so simple. It appears that 
there is simply no reason for giving students a number of 
repetitive exercises. Even a lengthy puzzle problem 
(such as one Similar to a cross-word puzzle but involving 
mathematical calculations) seems to be boring because of 
Ene samp eo ty ; 

3. Good students tended to compete for speedy 
solutions and thereby often made errors. 

4. Good students seemed most keen when there 
appeared to be some challenge; for example, decide how 
this series is formed and fill the blanks with correct 
numbers to complete the series: 
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5. Estimation is not as well developed a skill 
in grade 8 as are other skills in mathematics. 

6. Students are reluctant to analyze situations; 
rather they seem to want procedures given to them directly. 

7. All students, but especially slow students, 
will need to be given careful instructions and oppor- 
tunities for practice in order to become proficient in 
using a calculator. The usual procedures of good teaching 
apply. 

8. It takes time (more than two weeks) for most 
students to appreciate the power of the calculator. 

9. The efficient use of the calculator is not a 
triviality; there is a significant amount of learning, 
not just in the manipulation of the keys to effect a 


solution, but to do so with ease and mathematical 


ibs) 
eloquence. For example, apg should be done by 
75 + 16 + 34 = but no students using the calculator in 


the early stages would do that. Rather they would likely 
do 16 X 34.= ~ferecordithermmesubt,vand -then; dot75i=0 
(recorded result) = . Later students tend to make use of 
the calculator memory rather than record an intermediate 
result. However, the efficient way requires some 
analysis and application of mathematical knowledge. 

10. In general students are enthusiastic about 
the opportunity to use calculators; other students express 


interest in their work. 
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ll. The teacher reported that she noticed the 
ease with which so-called problems became trivial 
calculations to the students who had calculators. 

12.°"° No preblems occurred in view of the fact 
that students were allowed to carry their calculators 
wherever they wished and that they were encouraged to 
use them. 

13. The cassette recorder provides a good record 
of the class ‘tak. 

14. It may be necessary to arrange time from 
regular mathematics periods for personal interviews. The 
time in the calculator group sessions appeared to pass 
very quickly leaving little time for personal interviews 
of students by the researcher. 

15. One parent is very much in favor of the use 
of calculators, two were not certain with a number of 
reservations, ONG one was opposed. Two did not complete 
the Opinion Check. 

16. Relatively inexpensive 9-volt batteries will 
not last much more than two weeks--hence they are a 
nuisance and a waste of money. As a result it was 
decided that good quality batteries (usually described 


as heavy duty) would be utilized throughout the project. 
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ADDING FRACTIONS WITH THE CALCULATOR 


Consider a question like — = os wee Witt the 
power of just a $5 calculator -- basic functions and 
memory -= the ‘sekution' is. trivial: 

115 + 37 = (M) 28 + 63 = + (MR) =; this yields a decimal 
result. (M) means that the displayed value will be placed 
in Memory and (MR) refers to a key which recalls from 


Memory. However if a teacher wants a fractional form, a 


Student can use his calculator to find very quickly. that 


the result is a and furthermore by dividing 8281 by 

2334 he realizes that the fraction is equal ‘to 3 + a 
S20 ly ees lL 288 

fraction which he can readily obtain: 5331 773331 


With some understanding of his calculator the student 
can soon establish a method of deciding if the fraction is 


in lowest terms. He can factor the numbers quickly to 


obtain 
LABS 62s Kua) KOA eee ANG We Oe Osco) a ke Mee ous 
é 115 20 a ESS 
From this the final result is =F + eae 33353 


Although this process appears lengthy and 
complicated in the explanation, it is relatively simple in 
the execution. Teachers would hesitate to give students 
such a question for paper and pencil calculation because 
of ‘the highs chance -ofverror) but. on a jcaiculator the 


manipulation of these numbers is only slightly more 
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complicated than for fractions involving simpler numbers. 
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FOLLOW-UP CHECKPOINT 


(OG Ot Bo dy ee 
37 X 463-737 e°16 = 
res iis omen AF fet GES 


Deeg 0 0012S 


ll 


ND oe Be Saw. = Give answer correct to 
LS eT RB, tae nearest thousandth 


EC EN, GRP AL Diy CP Ae PP ae oe eo PA 

Multiply each of the following by 12: 
dg OSs, ao, were 

Divide each of the following by 32: 


LZ od Ore (oe yea 


it 45 625 
Complete chis straction; 155.3 
2 64 
Do these in decimal form: 
7 a0; 
a) sic Le ae 
aoe. PM Me 
b) 755 3075 = : 
a) -Find the; square root of 799.1929 
b) Check your answer. 
DO! (lis Sex lo.) aS ah tS 10°) = Write the answer 
in scientific 
notation 


Do 39.4 billion multiplied by 6.4 million and write 
the answer in scientific notation. 
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Excerpts on working a rational number question, 
3 14 


16> % 3855 =» Iwo-students had ‘trouble atterthey ‘got 
to 54733 - Although the problem is not with the 


calculator, the following excerpts show the mathematical 


a2fficulties-. 


Excerpt No. 1 (M-117) 


55 
[Student had 54755 ] 


R: What happens now? 
S: You reduce them. 
Re oy Regnee “(Student did sls3e= sil a=a) 


Isn't Rea bigger than 1? 


ses 
So. mes. 
' itso) 
RR: weo-oon "Esyou, have to..change [33 8° you can 
get a whole number to be added to 54? [No reply]. How 


many times does 133 divide 155? [Student proceeded to 
key 133 + 155..into. the: calculator] 
That's the wrong order. You're entering 

133 divideds by sh 5 Occ. 

S: I always get mixed up. 

R: Just remember to start at the top, the 
numerator, and just enter them in that order. 

Se. Un hun. 

R: Actually you don't even need the calculator. 


Just look at the two numbers. How many times does 133 
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divide 155?) “[Pause = no reply, ‘then he did 9155" —) 133"=.]. 
Well look at the answer; what is the whole 
number? 
Stare ae 
R: And how many 133's left over? [No reply] 
How many one hundred thirty-thirds does it 
take to make 1? 


o¢ dé 
ah iy: 


i>) 
733 makes 1? 


R: You mean 
or No 


R: That's what I mean. How many does it take to 


get iL? 

Se 

R: No [researcher then led him rieeash several 
steps to get aS = a + 733° Supp Lying) the. 22)for the 
second (Traction... Even though this) led. to Ls Pe cne 
researcher had to supply 55755 as the student did not] 


How can we tell if = is in its simplest 


form? [No reply] 
*What can you divide 22 by? 
pean ee pe} 
R: No. What numbers will divide into 22 and give 
no remainders? 
Sisemie 
R:) And what else?) [No reply). .Well 221s 2 


times what? 
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i a Ped 
R: Can you break 11 down into smaller numbers? 
S32) eNOk 
R: So all I need to do to see if I can reduce the 
fraction is to see if-I can divide what? [No reply]. 
Wold. 22) £6 )2uu4lb-sOswhat do. wcheck? 
Sto e Bou) 2. 
R: Does Atydivide? . lAgainsstudentudid 2 + 133°=] 
But that sign is nota divide into sign [so 
researcher did it for student on student's calculator] 
What else do you check? 
$3) 11.) (Student “didylsa sabi = and isaw 12t «does 
not divide]. 
RicSO. Wwoat *Canavou say about the fractLon? 


Sw ult Stays, thessame:: 


Bxcerpr. NO. 27 ¢E=120) > 
Tigi ke 


[Student had 54555] 
Bt Mia wae cies 2 (+ [No reply] 
Well = gives you how many whole ones? 
[No CED LY] 3. ies tee (733) more than 1? [No reply]. 


It is equal’to what? [No reply]. That is one since you 
can take = out of it to make one and then what is left? 
[No. reply]... Well) vou subtract them, 155, minus, 133 >and 


what is bette? 
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Zee 


Yes, So now we have 54 and that much more 
22 


ae. 


£33 


How much is that? 
You add them. 


And get what? 


22 
133 


Good. What can you divide 22 by? 


a. 


2 

2 and what else? 

4 

NO. | 2 timesitwhat its: 22? 
a. 


Right, and 1l is a prime number so can you 


divide 133''by 22) [No realy). 


You can try it on the calculator to see if 


you Can, divide." |) [Scudentrdid that). 
S: |) Nou [Then tried 13305 11s] 
RR: Cane yousdiqede Tt by ei? 
Ds. NOs 
R: So. thattseat; 4 can't be reduced to lower 


numbers. 


[Researcher's. final note in the transcript was 


that he doubts that the student really understood what 


was attempted but he did not pursue this further]. 
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Excerpt 3 (School B - Rational Numbers): 
[After a few questions had been done this one 


was given. It indicates what happens with simple 


a taal ot a: 
questions. The question was Bate Tp.a ] 


R: What should we do here? 


Several students: Invert = and multiply. 


[Researcher wrote lv X 2s 
33 6 
cancellation upon suggestion of various students. 


and reduced this by 


Result was * and no calculator work was used] 


Excerpt 4 (School B - Rational Numbers): 


nO Agee 55 
[Problem was 9555 : 12-5 = | 
R: What will we get here? 
M-124: fAfter calculations] oo 


F-119: times [student did the calculation 


7S 
941 
and the necessary inversion] 
R: Good and that leads to what? 
Pel 19 a.4257836 


Rs Over? 


Pal2Z6:  3A8iy7 


3LE 


M-124: We should divide to get the whole number. 


L018 360 
[The fraction was 37975 ] 


[The division was performed and the integral 
portion was reported as 7]. 


R: Now what is the next step? 
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Me iZae [He was always able to see this procedure]. 
TUXUS46L7 SB I+/— 4257836 = 
[He did this and reported 14117] 


Re, What? 2s Our answer tO Ehis point? 


S14907 
F-126: 'ST817 


[At this point went through another example of 


converting HS to 97 to see the algorithms used. The 


whole procedure is T1i9°s 12.= to get 9.916667, follow: this 
with: 9 X12 = (9.is,the .ntegral, part. of the number): to 
get~10S and then subtract. 108 tfromilo-mentalivyseor with 
108 in display continue with +/- +119 = .] 


[After above example class returned to problem of 


vi ae ee 
34817 


Re. Factor: L4v17 (by the method we used. 


seeing ‘if can be reduced]. 

M124) 319. xX G43 {this atten suitable Anterval or 
calculation] 

R: Good. Let us see if 743 can be factored. 
How far will we need to go before we quit checking? 

M-i24:...To "the (square root. of) 743. 

R: Very good and where will we start? 

Mel 243.0 at 2 3. 

Re Why ts 7thetiso? 

M-124: Well, we already did up to 19 so we just 
keep going from there. 


[Class established that 19 X 743 is in prime 


factors] 


3u3 


R: How do I check if we can reduce the fraction? 
Ml Zoo cuLyemco divide. 2481) by 7 and by 743: 

Re Good wa DO«that 

[Class did this and found that the fraction could 


not be reduced to lower terms]. 


It should be noted that the major contributor 
was M-124, the best calculator user and the best student 


in mathematics in School B. 


Excerpt 5 (School A - Rational Numbers) ;: 


[Problem under discussion is py ee - 3gi4 ] 
as2 15 

R: Where do we start? 

M-115: Use 180 for a common denominator. 


R: How did you get that? 
MoT 3) 5 Mudie Veal 2 a 
R: Good,so give me the fractions. 


[As researcher got these he recorded on the 


chalkboard] 
105 : a 
F-116: 867E5 fshe multiplied’ 7 xX 15. = to 
provide the 105] 


and 36268 


180 
105 16:8) x 
[Researcher wrote 86535 - 36555 ] 

R: Now what? 

M-113: Borrow from 86 and that'll give you 285 


over 180 [he did the calculation mentally] 
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R: Good so we now have 


2 282) oe 168 
F-116: 85755 36735 
R: \SO > that-will. be? 

shed a. 
Several: 47739 


[At this point one student requested an 
explanation of the source of 105. and 168. A friend next 
to her explained and she seemed satisfied with the 
explanation. Researcher showed how 285 came about. ] 

R: Is 1li7 a prime number? 

Several: Yes 


M-113: 3 goes [meaning 3 divides 117] 

ngs ie 
180° 
M-113: 39 over 60 [He had used calculator to get 


R: Good. *sGiverme*a.reduced form’ then for 


the 39] 

[From this step several students suggested that 
2 reduces further to = ] 

RvicLlf wevhadGréalized+that 3 divides 117, 39 
times and then 3 divides 39, we could have divided right 
at the beginning by what? 

F-lll: 6 


[Student was corrected on this by several others. ] 


Excerpt 6 (School B): 
[This excerpt illustrates a class discussion and 
the limited replies of the students. The researcher's 


questions are usually such that students are led through 


a problem in small steps. ] 
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[The questions under consideration are as follows: 
apmeFindsthe rfitth tpowerRot aor 
b) Do this in a second way. 
@) aeDe this tagainrinca thirdrway >] 

R; WeWhat didtyou-dosfor thatrone, F-120? 

F-120%a toy ee 

R: Right. That's probably the best and simplest 

method. What's another way for the next question? 


M22 3s oer Oe eer Bt Ot AG 


R: Right, that's another way. 

M-125:. 2 had avditterenti way: 

R: | What its 1that, mMSp252 

M=125:3 extes X 6 = 

R: What does this do [showing 6x]? 

M-123: Doubles it. 

R: > Nop 60+ e6S1s 4126 

M-123: Oh, squares it. 

Re BRLGHE, CSO the thas@oex POM fupato 6x"] and when 
he presses xo again what does he have? 

M<b23:%' 86 3X06 

er Dio. 

M-123: Well it's squaring the last number. 

Ri "Right butvyou donb gern 36720 6. 

M-125: One thousand two hundred ...... 


Re (Interrupting). il don = want) thevactnal 


numbers but an explanation of the power of 6. 
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Mm 2 4ayOuy Get 60 xX (6X6 1X6 

Rei | Good. [Researcher reviewed how that comes 
about] And when he then multiplied by 6 [showing 
Ante X 6], he does get the correct answer. So this is 
a correct way to do it different from the first. ones. 

What's another way of doing it? 

M1235) 6, 3°K os.) =.= 

R: Right, so we have four ways of getting this 
answer. 

Mel 22% shouldnt we :govor xX Ko, = toxnithat last 
one? 

R: No, it isn't necessary [explanation followed 
that the first = sign entry following K will multiply 
the 6 in display by the 6 as constant]. 

Mai24: .) Yes 2, Grd Mt, like ba. long way 

(Br 36 Jes Gris Gl tk men 

R: Right, and this is really the same as we 
had before except that it lumps some factors together 
with parentheses so it's not very different from 
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APPENDIX K 


SAMPLE WORKSHEET USED IN SCHOOL A 


BY A TEACHER DOING SOME CALCULATOR ACTIVITIES 
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MULTIPLYING DECIMALS 
(USING CALCULATORS) 


Name 
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Multiply the following numbers on your calculator. 
Record your answer. 


(4) 


Group A Grou 


13 = Bax 
1.3 = oN 
0..13°= Ea 
X 13 = OZ 
eo 0.2 


Oo OWW © 
WW XK XM PX 


What is the same about all the 
group A? 


What is the same about all the 
Group Az 


What is different about all the 
group, Be 


What..is difterent: about all ‘the 
group BB? 


questions in 


answers in 


questions in 


answers in 


What is the relationship between the number of digits 
to the right of the decimal point in 
in the answer? 


the question and 


Write a rule for multiplying numbers involving 
decimals. 
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APPENDIX L 


INTERVIEW WITH M-118 ON PERIMETER 
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INTERVIEW WITH M-118 ON PERIMETER 


[The first two problems given were: (1) What is 
Ciclvarcavotear city lotr 18.6 mwide and’ 33.5 m long?) and 
(2) How much would it cost to fence the above lot 
completely (all four sides) if it costs $13.95 per metre 
to get this done?] 

Deleon) 2) Get that question. 

Rie Way 

Se) 2 don't know how you: multinily Te and ehat. 


R: Well, how would you find out how much fence 


Sie eMest Lo.) 

R: We.had a lot and we're told it's so wide and 
so long and we wish to find Be the number of metres of 
fence we'll need to get around this lot. 

Ss) L- did the first one vand it's 

R=) But let's not: get the first,one into this. 
Let's just try to stick with this second problem as if 
it's a new era al 

S24 Ob, (AC. Vous Limes La 762 

R: Don't start getting formulas involved. Just 
picture this) loti{used the xcoom as; a model of the ot and 


pointed out all dimensions]. What do I need to know 


first Tf 0m. goingytostence this /10t? 
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Sz 

Sh HOw pbaorat: 1s? 

R: What do you mean how big? 

Si) oaisecogether Like 18.6 times’ 33)/5< 

R: But why multiplication. What will that give 
you? 

S: The answer [laughing] 

R: [Again the room model was used and researcher 
pointed out distance from one corner to another and 
called that 18.6%m and so forth around, the room]. What 
could Lado. torget ‘the total? 

S: Measure it. 

Rew Well, “le know the first.side s..13 06m sand 
As forth around the room, stating dimensions of each 
side]. What’ do,i.do to-get the first eee oy I need? 

Siu Wie dOmyOl WoOmvOncgebll ce) )Laugiind| 

Rei Ves. 

S: Measure it. 

R: But I've already got the measure for each 
side. Now what? 

Sto feel GoM ehdeyrown [Laughing] 

Another student: Go 18.6 times 2. 

Roy But even l sd tanwee multe oly mp y.2t. COULCieE 
not just add, all tour measures. 

[So researcher and student went through stating 


how all four measures would be added.] 
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Now we get the total number of metres of fence 


needed and each metre costs ....? 
S: IRS Pe” 
R: So? 


S: Now you've got me confused. After I plus 
them altogether what do I do? Do I times them by 2 or 
multiply? 

R: Why multiply them by 2? 


Sa) Well, Just muttiply ‘by v5.16. 95? 


R: Right, because each metre costs that amount. 


322 


OLY AeA 
a } . ee 
Coe f f Vy io t A | 
i" | i ; ic Wal) . 
besa to aos yom FO: 
AND it ny OO . 
be? Veet oly ae, a yeni e Pa | 
1a a a! ea mee oe 
eoke © TadEA. | vbeawanes ‘om gq ¢ v0r wou prea a i ies, 
‘| yy a i ; 
4O Sud nat pombe 2 ‘oat Sa © ob. Sen, seidieveste 
he ed Wott) ssi 
| 3 | ged poner ste tat ont xia Sm a 
SRL te ea atieiuis’ eenakal iow: oye he oh 
, Square de cts Etk OD COTS tM de Dee, aevadioct a al 
7 ~ 
a : pI 
; oe pa 
{ id 
= , \ 
+ 5 an 
ty 7 
| | Ae ABER 
) i hE . j | 
PURE | he 
‘ fl ve 4 Oh 
it t a le! i 
ead a eae 7 
ein pp) ; 


